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4 WEAP Tutorial

Introduction

WEAP® is a microcomputer tool for integrated water resources planning. It
provides a comprehensive, flexible and user-friendly framework for policy
analysis. A growing number of water professionals are finding WEAP to be a
useful addition to their toolbox of models, databases, spreadsheets and other
software.

This overview summarizes WEAP’s purpose, approach and structure. The
contents of the WEAP tutorial are also introduced; the tutorial is constructed
as a series of modules that takes you through all aspects of WEAP modeling
capabilities. Although the tutorial itself is built on very simple examples, it
covers most aspects of WEAP. A more complex model presenting those
aspects in the context of a real situation is included with WEAP under the
name “Weeping River Basin”. A detailed technical description is also
available in a separate publication, the WEAP User Guide.

Background

Many regions are facing formidable freshwater management challenges.
Allocation of limited water resources, environmental quality, and policies for
sustainable water use are issues of increasing concern. Conventional supply-
oriented simulation models are not always adequate. Over the last decade, an
integrated approach to water development has emerged that places water
supply projects in the context of demand-side issues, water quality and
ecosystem preservation.

WEAP aims to incorporate these values into a practical tool for water resources
planning. WEAP is distinguished by its integrated approach to simulating
water systems and by its policy orientation. WEAP places the demand side of
the equation - water use patterns, equipment efficiencies, re-use, prices and
allocation - on an equal footing with the supply side - streamflow, groundwater,
reservoirs and water transfers. WEAP is a laboratory for examining alternative
water development and management strategies.

WEAP is comprehensive, straightforward, and easy-to-use, and attempts to
assist rather than substitute for the skilled planner. As a database, WEAP
provides a system for maintaining water demand and supply information. As a
forecasting tool, WEAP simulates water demand, supply, flows, and storage,

© 2005 Stockholm Environment Institute November 2005



Tutorial Overview 5

and pollution generation, treatment and discharge. As a policy analysis tool,
WEAP evaluates a full range of water development and management options,
and takes account of multiple and competing uses of water systems.

WEAP Development

The Stockholm Environment Institute provided primary support for the
development of WEAP. The Hydrologic Engineering Center of the US Army
Corps of Engineers funded significant enhancements. A number of agencies,
including the World Bank, USAID and the Global Infrastructure Fund of Japan
have provided project support. WEAP has been applied in water assessments in
dozens of countries, including the United States, Mexico, Brazil, Germany,
Ghana, Burkina Faso, Kenya, South Africa, Mozambique, Egypt, Israel, Oman,
Central Asia, Sri Lanka, India, Nepal, China, South Korea, and Thailand.
S AL s -.:.-'-.,_.._. g

Active
® Completed

The WEAP Approach

Operating on the basic principle of a water balance, WEAP is applicable to
municipal and agricultural systems, single catchments or complex
transboundary river systems. Moreover, WEAP can address a wide range of
issues, e.g., sectoral demand analyses, water conservation, water rights and
allocation priorities, groundwater and streamflow simulations, reservoir
operations, hydropower generation, pollution tracking, ecosystem requirements,
vulnerability assessments, and project benefit-cost analyses.
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6 WEAP Tutorial

The analyst represents the system in terms of its various supply sources (e.g.,
rivers, creeks, groundwater, reservoirs, and desalination plants); withdrawal,
transmission and wastewater treatment facilities; ecosystem requirements,
water demands and pollution generation. The data structure and level of detail
may be easily customized to meet the requirements of a particular analysis, and
to reflect the limits imposed by restricted data.

WEAP applications generally include several steps. The study definition sets up
the time frame, spatial boundary, system components and configuration of the
problem. The Current Accounts, which can be viewed as a calibration step in the
development of an application, provide a snapshot of actual water demand,
pollution loads, resources and supplies for the system. Key assumptions may be
built into the Current Accounts to represent policies, costs and factors that affect
demand, pollution, supply and hydrology. Scenarios build on the Current
Accounts and allow one to explore the impact of alternative assumptions or
policies on future water availability and use. Finally, the scenarios are evaluated
with regard to water sufficiency, costs and benefits, compatibility with
environmental targets, and sensitivity to uncertainty in key variables.

Program Structure

WEAP consists of five main views: Schematic, Data, Results, Overviews and
Notes. These five views are presented below.
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Tutorial Overview

Schematic:

This view contains GIS-based tools for easy configuration of your system.
Objects (e.g., demand nodes, reservoirs) can be created and positioned within
the system by dragging and dropping items from a menu. ArcView or other
standard GIS vector or raster files can be added as background layers. You can
quickly access data and results for any node by clicking on the object of interest.

WEAP: Weaping River Basin
Area  Edit

View Schematic  General Help
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WEAP Tutorial

Data:

The Data view allows you to create variables and relationships, enter
assumptions and projections using mathematical expressions, and dynamically

link to Excel.
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Results:

The Results view allows detailed and flexible display of all model outputs, in

charts and tables, and on the

Area Edit  Wiew Favorites Help
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10 WEAP Tutorial

Overviews:

You can highlight key indicators in your system for quick viewing.

WEAP: Weaping River, Basin

Area  Edit Wiew Help
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Notes:

The Notes view provides a place to document your data and assumptions.

WEAP: Weaping River, Basin E |Z||E|rg|
Area Edit Wiew Tree Help

=I|Key Assumptions| 4 ||| Motes for branch: Kep
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- B Z U3zl || BFont SR &
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Technical lr

Buik Ervitor |l sample data set for a fictional area called the
i E;::i:':yva”a“c' eaping River Basin. The User Guide refers to
- Demand Sites _|[this data set when describing data entry screens
+1- Hydralagy and reports. It is worthwhile exploring this data
+- Supply and Resoure set, as it illustrates most of the features of WEAP
< | » and the types of analysis that WEAP facilitates.

7 Essentially, the area depicts a river basin with
crowing problems of water shortages,
groundwater depletion and ervironmental
pressures. These problems of the Reference
Scenario are addressed in a series of scenarios
emploving a variety of both demand- and supply-
oriented measures.

| £

Area; Weaping River Basin Motes Wiew Registered to; Tellus Institute
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Tutorial Overview 11

The Tutorial Structure

This complete tutorial guides you through the wide range of applications that
can be covered with WEAP. The first three modules (WEAP in one hour,
Basic Tools and Scenarios) present the essential elements needed for any
WEAP modeling effort. The other modules present refinements that may or
may not apply to your situation.

Aside from the three basic modules, the tutorial modules are designed in a
way that they can be completed in any order and independently, as you see
tit. They all start with the same model that you will create after completing
the first three modules.

WEAP in one hour
LN A
s : ™)
Basic Tools
N A
Scenarios ]
n ™ ' - ™,
Demand Analysis Supply Analysis
\ A \ A
L T If' R T
Format, Data and Results Reservorrs and Power
| Production
- . ™ ' B
Water Quality Hydrology
W r LS y
f Financial
Analysis
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WEAP Tutorial

Below is a list of all modules, starting with the three basic modules; the

bulleted points indicate the aspects covered in each module.

WEAP in one hour
O Creating a Study Area
O Setting General Parameters
O Drawing the Model
O Getting first Results

Basic Tools
o
o
Scenarios
o
o
o
Q

Creating and Using Key Assumptions

Using the Expression Builder

Preparing the Ground for Scenarios
Creating the Reference Scenario
Creating and Running Scenarios

Using the Water Year Method

Refining the Demand Analysis

O
Q
O

Disaggregating Demand

Modeling Demand Side Management, Losses and Reuse

Setting Demand Allocation Priorities

Refining the Supply

o
O
Q
O

Changing Supply Priorities
Modeling Reservoirs
Adding Flow Requirements

Modeling Groundwater Resources

Format, Data and Results

O
O
O

Exchanging Data
Importing Time Series

Working with Results

© 2005 Stockholm Environment Institute
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Tutorial Overview 13

Q Formatting
Reservoirs and Power Production

O Modeling Reservoirs

Q Adding Hydropower Computation

O Modeling Run-of-River Power Plants
Water Quality

O Setting up Quality Modeling

Q Entering Water Quality Data

O Using Water Quality Inflow Constraints

Q Entering Pollution Generation Data for Demand Sites
O Modeling a Wastewater Treatment Plant
Hydrology

O Modeling Catchments: the Rainfall Runoff Model
Q Modeling Catchments: the Soil Moisture Model

Q Simulating Surface Water-Groundwater Interaction
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16 WEAP Tutorial

Creating a New, Blank Study Area

1. Establish a New, Blank Area.

You are now going to practice creating a new, blank area. When you open
WEAP for the first time, a project area called “Weaping River Basin” will
appear. Use the Area, Create Area menu option to make a new, blank area.

WEAP: Weaping River Basin
Area Edit wiew Schematic General Help
g Create Area...  Chr+N E
= Open 4
/P Manage Areas...

ater

. SavE Chrlts bplp
Save fs... ite:

t

filtration

ion Link

E Mariage Scenarios. . er Treatment Plant

S Print Setup "

o er Hydro
Edit User Infa irment j

Save Version...
@ Revert to Yersion 4

O Change Language F

Exit Alb+F4

|Area: ‘wieaping River Basin H Schematic Yiew || H Fegistered ta: Chiis Swartz, Tellus Institute |l

A window, as shown below, will appear in which you should click on the
“Initially Blank” option. In the next steps, you will be defining this area for a
specific geographic area of the world - so you can name the area based on this
selection if you like (e.g., My_Ghana_Area).

x

M amne: IM_I,I Ghana Area

Create new area
+ |nitially blank

Az acopy of area: IWeaping River Bazin j

" OK X Cancel

After clicking “OK”, you will get the following screen:
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WEAP in One Hour

WEAP: My Ghana Area

Area Edt  wiew Schematic General Help

=10l

Fiiver =
Driversion
A Reservair
B Groundwater
* Other Supply
® Demand Site
@ Catchment
2 FRunaft Anfilation
Transmission Link

<

I [ mmFiun of F
# FlowRe

——
O Country
@ Major Ai

Results

Dlgdvce
_)Fielum F

On the following screen, select the boundaries of yvour WEAP area.

Motes

| v

| Area My Ghana fiea || Schematic iew ||

|| Fiegistered to: Chiis Swartz, Tellus Instinte o3|

17

Click “OK” again. In the next screen, you will select the geographic area for

your project from the world map that appears. Click once where you want to
begin drawing a rectangle around the area that your project will represent. A
green rectangle will appear around the area selected.

Click and drag to zelect the rectangular boundary af your area (boundary wil
be shown in green).

~al=]

You can then use the slider bar on the lower left of the window to zoom into

this selected area.
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18 WEAP Tutorial

ol

Click and drag to gelect the rectangular boundary of your area (boundary wil
be shown in green).

) 5

L o

T G 4 J

o OK X Cancel | )

Click on “OK” when you are satisfied with your area boundaries. Note that
you can modify these boundaries later by choosing “Set Area Boundaries” on
the pull-down menu under Schematic on the top menu bar.

IR
Area Edit  View | Schematic General Help

Set Area Boundaries

Set WEAP Node Size

Set WEAR Mode Label Size

Set "Active in Current Accounts?

|
.
1 Hide Al WEAP Objects
|

Copy Schematic to Clipboard...
mm_l
Rietun Flow

l EmRun of River Hudro

# Flow Requiremnent ﬂ

O Country
@ b zjor Rivers

Changg Priarity Yiew

Fesults

Ry

— | N

|Alea My Ghana Area || Schematic Yiew || || Fiegistered to: Chiis Swartz, Tellus Institute .:E|
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WEAP in One Hour 19

@

In WEAP, models are called “areas”.

Areas are limited by boundaries, which define the extent of the project area. If you
create a new area by copying an existing one, the boundary is kept identical to that of
the existing area. To modify boundaries once you have established a New Area, go to
Schematic on the menu, and choose “Set Area Boundaries.”

Note that if you want to start with a “blank” area, you can use the steps above to select a
geographic area over one of the oceans instead of a land mass.

Add a GIS layer to the Area

You can add GIS-based Raster and Vector maps to your project area - these
maps can help you to orient and construct your system and refine area
boundaries. To add a Raster or Vector layer, right click in the middle window
to the left of the Schematic and select “Add a Raster Layer” or “Add a Vector
Layer”.

™ vear vy ghonaarea — R -nix

: Area Edit Wiew Schematic General Help

Fiiver =
Diversion

& Reservoir

VM Groundwater

* Other Supply

¥ @ Demand Site

@ Catchment
“PRunoff/nfilration

Transmission Link.

¥ @ Wastewater Treatment Plant
~>Retum Flaw e
BmRun of River Hydio

M Flow Requitement ﬂ

—
O County
@ Major Rivers

Add Yector Layer...
Add Raster Layer,,,
Edi:,

Delete,,

— Mave Up
[z Dovn
Motes —
. Set Area Boundaries -
[« I _>IJ

| |#rea My Ghana Area || Schematic Yiew | || Registered to: Chris Swartz, Tellus Institute ;%

A window will appear in which you can input the name of this file and where

WEAP can find it on your computer or on the internet.

@

Background vector data can be added by clicking “Add Vector Layer”. WEAP reads
vector information in the SHAPEFILE format. This format can be created by most GIS
software.

A large amount of georeferenced data (both in vector and raster format) is available on
the Internet, sometimes for free; websites such as www.geographynetwork.com or

www.terraserver.com provide good starting points for a search. Beware that some of
the downloadable data might need GIS processing before being usable in WEAP,
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20 WEAP Tutorial

especially to adapt the projection and/or coordinate system.

3. Saving an Area

If you want to save this Area for your own use later, Use the “Area”,
“Save...” menu or press Ctrl+S.

WEAP: My Ghana Area -8 x|
Area Edit View Schematic General Help
[ create drea...  cCrrith
= Open 4
%g Manage Areas...

Save As...
Save Version. ..
@ Revert bo Yersion L4

ion Link.
E Manage Scenarios. .. er Treatment Plant

% Print Setup i J

er Hydio

Edit User Infa irement -

@ Change Language 4
Ers

Exit Ale+F4

J of

Area My Ghana Area Schematic View Registered to: Chris Swartz, Tellus Institute -

Setting General Parameters

We are now going to proceed with learning how to navigate through WEAP
and its functionalities. For the remaining exercises in this tutorial we will be
using a pre-defined Area called “Tutorial”.

To open this Area, on the Main Menu, go to Area and select “Open”. You
should see a list of Areas that includes “Tutorial” - select this Area.

1. Set the General Parameters

Once the Area opens, use the “General” menu to set Years and Time Steps
and Units.

Model the year 2000 with 12 time steps per year, based on calendar years and

starting in January. Keep the default (SI units) for now. Set the period of time
for which scenarios will be generated from 2000 to 2005.
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The year 2000 will serve as the “Current Accounts” year for this project. The Current
Accounts year is chosen to serve as the base year for the model, and all system
information (e.g., demand, supply data) is input into the Current Accounts. The
Current Accounts is the dataset from which scenarios are built. Scenarios explore

N,

possible changes to the system in future years after the Current Accounts year. A

default scenario, the “Reference Scenario” carries forward the Current Accounts data
into the entire project period specified (here, 2000 to 2005) and serves as a point of
comparison for other scenarios in which changes may be made to the system data.
There will be a more detailed discussion of scenarios in an upcoming module.

WEAP: Tutorial

Area Edit Wiew Schematic | General Help
;HW’SI L 3

Diversion Units

4 Reservoir
W Groundwez
* Dther Sur

=151

‘Water Quality Constitusnts
Basic Parameters

[ @ Demard Site

@ Catchment
~Runaff/Irfilration
T ransmissian Lirk

> Retun Flow
l (| mmFiun of River Hydio
# Flow Requirement

[ Rivers_Polygons
® FRivers_fics

[ Cities

W iivers

Results

@ ‘wastewater Treatment Plant

P,

4

ol

| Area: Tutarial | Schematic View || | Registered to: Chris Swartz, Tellus Instiue o}
Years and Time Steps x|
—Time Horizor =
# ‘ Title | Abbrey. | Length ‘ Beging Ends ‘
Current Accounts Year:l 2000 3:
_ = |1 Jarwarny Jan N Janl Jan 31
Last ¥ear of Scenarlos:l 2005 3, | 2 Februan Feb 28 Feb 1 Feh 28
| 3 March har 31 Mar 1 tar 31
. 4 April Apr 30 Apr Apr 30
r—Time St Year —— | |——=
IS S (R e | 5 May May 3 Magl  May 31
12 - | B .June Jun 30 Jun 1 Jun 30
| 7 duly Jul 31 Juld Jul 31
| B August Aug 3 Aug 1 Aug 31
—Time Step Boundany———————— | 3 September Sep 30 Sep 1 Sep 30
¥ Based on calendar marth | 10 October Oct 31 Oct Oct 3
 alltime stepz are equal length | 11 November Maw 30 Maov 1 Mow 30
" Set time step length manually 12 December Dec 31 Dec1  Dec3l |

—Wiater Year Stat—————————

IJanuar_l,l vl

The study periad will run fram January, 2000 ta December, 2005.

& Close |
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22 WEAP Tutorial

The time steps must be chosen to reflect the level of precision of the data available. A
‘g 2 > shorter time step will increase the calculation time, especially when several scenarios

have to be calculated.

2. Save a version of your Area

Select “Save Version” under the “Area” menu. A window will appear asking
for a comment to describe this version. Type “general parameters set”.

WEAP: Tutorial =10 x|
Area  Edit View Schematic General Help
¥ —FRiver - N
Diversion

A Resarvair
(¥ M Groundwater

* Other Supply
@ Demand Site
@ Catchment

~Runoff/Irfilration

~Transmissian Lirk -

® Wastewater Trea %] =
~PRetuin Flow

I (| mmFun of River Hyd
P Flow Fequiremen Igeneral parameters set

——
1 Rivers_Pelyaans

vl @ Rivers_foes Cancel |
[ Cities
W rivers

Results

P
" ! of]

|A|ea Tutarial ” Schematic: Views || ” Redgistered to: Chris Swartz, Telus Institute _:E|

As with any other program, it is usually a good idea to regularly save your work in
WEAP. WEAP manages all the files pertaining to an area for you. Saving a new area
will automatically save the related files. The files are saved in the WEAP program
installation folder. You can manage the areas, export and import them, back them up
and send them per email using the Area..., Manage Areas menu.

« i > WEAP also has a very convenient versioning feature that allow saving versions of a
model within the same area. Use the “Area”, “Save Version...:” menu to save a version,
and the “Area”, “Revert to Version” to switch to another version. You can switch
between recent and older versions without losing data. WEAP will automatically create
versions of your model every time you save. It is however better to manually create a
version of a status you really want to keep since WEAP will eventually delete old
automatic versions to save disk space, keeping only a few.
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Entering Elements

3.

Draw a River

23

into the Schematic

Click on the “River” symbol in the Element window and hold the click as you

drag the symbol over to the

map. Release the click when you have positioned

the cursor over the upper left starting point of the main section of the river.
Move the cursor, and you will notice a line being generated from that starting

point.

WEAP: Tutorial

b
fwea Edb Yiew Sthematic Genel

r3ion

A Reservai

¥ Groundwater

* Other Supply

[ @ Demand Site

® Catchment
~RunoffAnfitration
2 Transmission Link

Click and drag onta diagram ta

¥ @ ‘wiastewater Treatment Plant
—PRetun Flow

R un of River Hydro

# Flow Requirement

] Rivers_Polpaans
® Rivers_Arcs

[ cities

W rivers

o

=10l

P

D—

4

|

il

‘Area Tutorial

H Schematic View ” |

‘Hegisleled to: Chris Swartz, Tellus Institute .:E|

@

The direction of drawing matters: the first point you draw will be the head of the river
from where water will flow. You can edit the river course later on by simply clicking-
moving any part of the river to create a new point, or right-clicking any point to delete it.

Follow the main river, drawing from the upstream (upper left) to the
downstream (lower right), clicking once to end each segment that you draw.
You can follow the line of the river as closely as you like, or you can draw a less
detailed representation (below). Note though, that how closely you follow the
actual course of the river will have implications for the performance of certain

functionalities in WEAP.

For example, if you plan to model water quality

parameters along the river, it would be advantageous to construct the river

element as closely as poss

© 2005 Stockholm Environment Institute
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24 WEAP Tutorial

need to calculate residence times in the river (a function of reach lengths) to
perform water quality simulations. Zooming in on the river (using the zooming
bar in the lower schematic window) can help if you want to follow the rivers
path more closely. You do not need to draw a river on the branch coming
horizontally from the left. You can also adjust the river later if you want to add
more detail.

I wEnP: Tutorial -0l

: Area Edit Yiew Sch

“Diversior
& Reservoir
W Groundwater
* Other Supply
¥/ @ Demand Site
@ Catchment
FRunaffAnfitation
P Transmission Link
v @ wastewater Treatment Plant
~Fietum Flow b
I [v] mmFun of River Hydio
M Flaw Renuirement ﬂ

[ Rivers_Poligons
® Rivers_Arcs

[ Cities

VI rivers

Results

I~

E—, of

|Area‘ Tutarial || Schematic Yiew H || Redistered tor Chiis Swartz, Telus |nstitute .:E‘

When you double click to finish drawing the river, a dialog box appears for
naming the river (see below).

Name the river "Main River".
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You may also enter an optional label for the schematic presentation (a shorter
label can help to keep the schematic from becoming cluttered).

You can move the river label to another location by right clicking anywhere
on the river and selecting "Move Label". The label will follow the cursor -
single click when the label is in the desired location.

S

Area Edit Wiew Schematic General Help

Diversion

A Reservair

[v| B Grourdwater

¥ Other Supply

] @ Demand Site

@ Catchment
“ZRunoft/Irfitratian
~Transmission Link

[v] @ v astenater Treatment Plart
~PFietum Flow e
mmRun of River Hpdra

# Flaw Requirement hd

Rivers_Paolygons

|| @ Rivers_frcs i:% Main River

[ Cities _—
General Info
Edit Data 3
Wigw Results »

W rivers
‘ Move Label

Delete
Delete Point

e
s 1 —H

| e Tutorial || Schematic View | || Registered to: Chris Swartz, Tellus Institute 22|

Enter Data for the Main River

To enter and edit data for the Main River, either right-click on the Main River
and select Edit data and any item in the list, or switch to the Data view by
clicking on the Data symbol on the left of the main screen. Select: Supply and
Resources/ River /Main River in the Data tree. You may have to click on the
“plus sign” icon beside the Supply and Resources branch in order to view all
of the additional branches below it in the tree.
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i
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Alternatively, you can use the Tree pull-down menu and select “Expand All”
to view all branches.
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The "Inflows and Outflows" window should be open - if it isn't, click on the
appropriate button. Click on the "Headflow" tab. Click on the area just
beneath the bar labeled “2000” in the data input window to view a pull-down
menu icon. Select the “Monthly Time-Series Wizard” from the drop--down
menu.
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SR
Area Edit Wiew General Tree Help
-~ Key Assuriptions Data for | Current ccounts (2000) = | | Manage Scenaros.. [ [‘
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Use the Monthly Time Series Wizard to enter the following data series:
Month Flow (CMS)
Jan 12
Feb 7 [ff{Monthly Data: Main River =] |
Headflow [CMS])
MLZT' 11 Month | Yalue I = || Preview
e 12000 ¥ Allows dragging of values
APT’ 17 Feb 7.000 140
ar 11.000 120
May 80 Apr 17.000
May 80.000 1o
]un 136 Jun 136.000 # 80
Jul 45.000 T o
] ul 45 Aug 32000 0
Sep 38.000
Au g 32 Dt 18.000 20
Now 9.000 - — -
Sep 38 Dec (7.0 - Jan Feb Apr Jun Jul Aug Oct Dec
OCt 18 " Finish I XK Cancel | 8
Nov 9
Dec 7

Note that as you enter each data point, the data is shown graphically also. Do
not input or change any other data yet.

@

reaches.

WEAP divides up rivers into reaches (segments). Originally your river has only one
reach; as you add withdrawal and return points, WEAP will automatically create new
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5. Create an Urban Demand Site and Enter the Related Data

Creating a demand node is similar to the process you used to create a river.
Return to the Schematic view and pull a demand node symbol onto the
schematic from the Element window, releasing the click when you have
positioned the node on the left bank of the river (facing downstream) in the
yellow area that marks the city’s extent.

Enter the name of this demand node as “Big City” in the dialog box, and set the
demand priority to 1.

e
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The Demand Priority represents the level of priority for allocation of constrained
e resources among multiple demand sites. WEAP will attempt to supply all demand sites
z with highest Demand Priority, then moving to lower priority sites until all of the
demand is met or all of the resources are used, whichever happens first.
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Right click on the Big City demand site and select "Edit data" and "Annual
Activity Level". This is the alternative way to edit data, rather than clicking
on the "Data" view icon on the side bar menu and searching through the data

tree.

WEAP: Tutorial
Area Edit Yiew Schematic General Help

Fiiver
“Diversian

& Reservoir

W Groundwater

“FRunoff/Infitration
Franarrission Link

Return Flow
RN of River Hydro
Flow Fiequirernent

Rivers_Palpgons
Rivers_Arcs

[ Cities

W rivers

@ \wastewater Treatment Plant

.

Notes

'_0—

[k

= "k FixedRevenue

DO Concentration
View Results ¥

4

Annual Water Lse Rate

=10l

HMonthly Yariation
Consumption
Loss Rate

Reuse Rate

D3M Savings

DSM Cost

Capital Costs

Variable Operating Casts
Fixed Operating Costs
Variable Revenue

Demand Priority

Hethod \{ Big City.(1)
Follution Activity Lewel
BOD Inkensity Big City

DO Inkensity
BOD Concentration

General Info

Move Label
Delete

o

| vea Tutorial

| Schematic iew |

|/ Registered to: Chris Swartz. Tellus Institute: _::

You must first select the units before entering data. Pull down the "Activity
Unit" window, select "People”, and click “OK”.
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In the space under the field labeled”2000”, enter the Annual Activity Level as
800000.

Area Edit Wiew General Tree Help
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Next, click on the " Annual Water Use Rate” tab and enter 300 under than year

2000.
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Finally, click on the "Consumption” tab and enter 15. Note that the units are

pre-set to “percent”.
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o Consumption represents the amount of water that is actually consumed (i.e. is not

returned in the form of wastewater).

6.

Create an Agriculture Demand Site

Pull another demand node symbol into the project area and position it on the
other side of the Main River opposite and downstream of Big City.

Name this demand node "Agriculture”, and set the demand priority to 1.
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In the same manner as for Big City, enter the Annual Activity Level and
Annual Water Use Rate in the Data View for the Agriculture demand site
after first selecting "hectares" as the units (you may have to click on the
“plus” sign to the left in the tree in order to see all of the area options).

Annual Activity Level 100,000 hectares
Annual Water Use rate 3,500 m3/hectare

eI
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Select the Monthly Variation tab and the Monthly Time Series Wizard to enter
the data below for the monthly variation in the water use rate.
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Finally, click on the Consumption tab and enter 90.
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The monthly variation is expressed as a percentage of the yearly value. The values for
all of the months have to sum up to 100% over the full year. If you don’t specify

monthly variation, WEAP will prescribe a monthly variation based on the number of
<i 73 > days in each month.

You could have created one single demand site integrating both urban and agriculture
demand. However, we will see later that this removes some of the flexibility in the
water supply priorities allocation.

7. Connect the Demand with a Supply

You now need to tell WEAP how demand is satisfied; this is accomplished by
connecting a supply resource to each demand site. Return to the Schematic
view and create a Transmission Link from the Main River to Big City and to
Agriculture. Do this by dragging the Transmission Link first to a position on
the river, releasing the click, then pulling the link to Big City and double
clicking on this demand node. Do the same for Agriculture, but start the
Transmission Link downstream of the one created for Big City.

Select a Supply Preference of 1 for each Transmission Link.

-ioj
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|
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The Supply Preference parameter allows you to define which source should be used in
- priority to supply water to this Demand Site. WEAP will attempt to supply all of the
z demand with sources having highest preference level, only using lower-level sources if
the high-level sources do not have sufficient supply.
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8. Create Return Flow Links

Now create a Return Flow from Big City to the Main River. Do the same for
Agriculture to the Main River. Follow the same "drag and release" procedure
as for the Transmission Links.

The return flow for the urban demand site should be positioned downstream of
the agriculture withdrawal point. In the flow direction, the sequence should be:
withdrawal for Big City, withdrawal for Agriculture, return from Big City,
return from Agriculture.
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Area: Tutorial Schematic View Reaistered to: Chris Swartz, Tellus [nstitute

Next, set the Return Flow Routing for the Big City Return Flow. Do this by
right-clicking on each Return Flow and selecting "edit data" and "Return Flow
Routing" or by going to the Data view \ Supply and Resources\Return

Flows\ from Big City. Do the same for the Agriculture Return Flow.

Set the Return Flow Routing to 100%.

Return Flow Routing is the percent of total outflow from a demand site that is directed
through a Return Flow Link. If only one Return Flow Link is created for a demand

‘g Z. , node, then the Return Flow Routing for that link must be 100%. Likewise, if multiple
Return Flow links are created for a demand node, then Routing factors for all of the
links must sum to 100%. Losses within the Return Flow Links are spectified separately.
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WEAP: Tutorial
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B

9.

At this point, your model should look similar to the figure below.

Check your Model
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Getting First Results

1. Run the Model

WEAP Tutorial

Click on the “Results” view to start the computation. When asked whether to
recalculate, click yes. This will compute the entire model for the Reference
Scenario - the default scenario that is generated using Current Accounts
information for the period of time specified for the project (here, 2000 to 2005).

When the computation is complete, the Results view will appear.

@ Results are ouk of date, Do you wank ko recalculake now?

| Cancel |

x|

2_ Check your Results

Click on the “Table” tab and select “Demand” and “Water Demand” from the
primary variable pull-down menu in the upper center of the window (see
below). Also, click the “Annual Total” Box.
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If you have entered all data as listed in previous steps, you should obtain the
following annual demand values for each year (2000 to 2005) of the Reference

scenario:
Annual Demand for Agriculture 350 M m?
Annual Demand for Urban Area 240 M m?
-5

Area Edit Wiew Favorites Help
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&
G
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@ If you do not obtain those values go back to the “Data” view and check your inputs.
Z

If you obtain an error or warning message read it carefully as it might reveal where in
your inputs is the discrepancy, or which step you skipped.

3. Look at Additional Results

Now, look at the monthly Demand Coverage rates in graphical form. Click on
the “Chart” tab. Select “Demand” and “Coverage” from the primary variable
pull-down menu in the upper center of the window.
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WEAP: Tutorial o [=[ ]
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Format the graph by selecting the 3-D option on the left side-bar menu, and
ensure that “All months” is selected in the pull-down menu above the graph
(also keep the “Monthly Average” option checked). The graph should like the
one below.
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During the months of December and February, which have little flow in the
river, Big City lacks water, and therefore demands go unmet. Agriculture only
has a shortfall in supply in the month of August and September, when the
plants require most water.

- You can fully customize the way WEAP charts are displayed, as well as print or copy
graphs to the clipboard using the toolbox located to the right of the graph.
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40 WEAP Tutorial

Note:

For this module you will need to have completed the previous module (“WEAP in
one hour”) or have a basic knowledge of WEAP (creating an area, drawing a model,
entering basic data, obtaining first results). To begin this module, go to the Main
Menu, select “Revert to Version” and choose the version named “Starting Point for
‘Basic Tools” module.”

Creating and Using Key Assumptions

1 . Using Key Assumptions

Key Assumptions are created by going to the Data view and right-clicking on
the Key Assumptions branch of the Data Tree. Select “Add” - this will create
a new Key Assumption variable below the Key Assumption branch.

=

Area Edit View General Tree Help

Hyd  Remame

- Sup =1 Dielete.

Sork by Name (all levels below)
Sork by Mame (just ane level belaw)

b Gul Branchies

" (Copy Branches
ny
| E Paste Branches.

Expand Al

Gt defined. Right click on “Key & ! to Add iabl
Outling Level » urnplions define ight click on "Key Assumptions™ to a new variable or catego

% Font...

Area Tutorial Data View Reaistered to: Chis Swartz, Tellus Institute

Create and name the following Key Assumptions (be sure to select the
appropriate units from the Units pull-down menu):

Unit Domestic Water Use 300 m?3
Unit Irrigation Water Needs 3,500 m?3
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WEAP: Tutorial

Area Edt Wew General Iree Help

Fesults

=1 Key Assumptions
L Uit Domestic 'water Use
[t Irigalion Wiaer Heeds |
Demand Sites
Hydrology
= Supply and Resources
B Linking D emands and Supply
- Riiver
- B Main Riiver
: Reaches
B+ Retum Flaws
[ Environment
- Other Azsumptions

=10ix]

Diata fir: | Cunent Accounts (2000) 'I | Manage Scenarios.. [ Data Report. ‘

These are user-defined variables that can be referenced
elsewhere in your analysis. For monthly variation, use
Monthly Time-5eries Wizard.

% Help I

Key Assumptior] 2000 Soale Ukt | -
New Branch | |

L4l

Tatle | Hotes |

=
Key Assumptions (manthly)
Notes
E3 [ | =
Jan - Feb  Mar  fpr May  Jun Jul Aug Sep Ot Row  Dec
|Area Tutarial | Data iew \ | Registerad to: Chris Swartz, Tellus Institute: _|
WEAP: Tutorial o [m] 4

Area  Edit Wiew iGeneral Tree Help

Nates

= Key Assumptions
Unit Domestic water Use

e ae ]
[#- Demand Sites
[#- Hydralogy
[= Supply and Resources
Linking Demands and Supply
[=)- River

£ Main River

[+ Reaches

[+ Retum Flows
[+ Enwitonment
- Other Aesumptions

Data for; [Cunent Accounts (2000)  »| | Manage Scenarios.. L Data Report.
iors

These are defined variables that can be ref d

elsewhere in your analysis. For monthly vanation, use
Monthly Time-Series Wizard.

 Help I

Key Agsumption IZUDD |Sca\e |Unil B
Unit rrigation Water Needs ‘3500 m'3 |
Activity Unit:

- Liters
i Cubic Fest
- Aoiefest
L Berenches
o Gallons

TR TR

4

|
o

|||I<I

Ok I X Cancel .

Key &ssumptions [monthly]

Chart R | Notes |

™5

T T T T T T T T T
Feb  Mar  Bpr May  Jun Jul o Sug o Sep Oct Mow  Dec e

| Area Tutorial

| DataView II

| Registered tor Chiis Swartz, Tellus Institute
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With Key Assumptions, it is important to ensure that the units designated in
a Key Assumption variable match the units indicated for the variable as it
occurs elsewhere in the data tree.

Create one more Key Assumption, Domestic Variation, that is unitless, and
use the Monthly Time Series to populate it with values:

Domestic Variation

- Jan to Feb & Now. to Dec.:
- Mar. to May & Sept. to Oct.

- June

- Jul, Aug

© 2005 Stockholm Environment Institute

‘ﬁHMnnthly Data: Domestic ¥Yariation

Key Assumptions

0.9

onth I Walue I ;I
lan 0.500
1.0 Feb 0.900
har 1.000
1 1 Apt 1.000
. [GET 1.000
Jun 1100
1 . 1 5 Jul 1.150
Aug 1.150
Sep 1.000
Oct 1.000
Mo 0.5001

Dec =

Frevie

Il

=101 x|
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The use of key assumptions is especially worthwhile when the model has a large
number of similar objects, for example demand sites, and when performing scenario

@

analyses. In this case, you can easily set all your demand sites to have the same unit
domestic consumption. Then, you can create scenarios to vary this consumption

without having to edit each and every demand site — simply by changing the key

assumption value.

Creating References to Key Assumption

Create a Key Assumption reference for “Big City Annual Water Use”. Do this
by going to the “Annual Water Use” window for Big City in the Data view.
Click on the Expression Builder pull-down menu in the space where you
entered the “Annual Water Use Rate” (300 m?) previously.

WEAP; Tutorial

Area Edit View General Tree Help

[ Ky Assumptions
- Uit Domestic Water Use
- Unit Inigation \Waler Meeds
- Domestic Variation
=) Demand Sites
Agriculture
[+ Hydrology
= Supply and Resources
[#- Linking Demands and Supply
(= River
l I Main River
[+ Reaches
Results (- Retum Flows
[+ Enwitonment
Other Assumptions

=10l

Diata for: | Current Accounts (2000) | /| Manage Scenarios.. L) Data Repot... |

Annual water use rate per unit of activity

{ Water Use ~ Lossand Reuse_) Demand Management_) Cost )
Prionty J Advanced J

IR RN ETEN A nnual Water Use Rate MDNNPVBHBUD“| ED“SUND”Dnl

# Help

|Scale  [urit |

Demand Site 2000
Big City [200]

m"3

Jperson

L4l

Annual W ater Use Rate

By ity

| Data View

A Tulorial

| Registered to: Chiis Swaitz, Tellus Instiute

m*Biperse
HL.E;

In the Expression Builder window, delete the value of 300 from the text field
at the bottom of the Expression Builder window, click on the “Branches” tab,
then click on the “Unit Domestic Water Rate” Key Assumption (you may
have to expand the data tree to see all of the branches) in the Data tree field
and drag it down to the text field. Click on “Finish”.
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Expression Builder: Big City:Annual Water Use Rate

& BB«

P =[5

Click-and-drag a branch or function to add ta the expression below.

B Key Assumptions
-0
4 Unit lrrigation Water Meeds
-1 Domestic Variation
=3 Demand Sites
--[ Big City
-1 Agriculture
{23 Hydrology
®-C3 Supply and Resources
=3 Enwiranment
{22 Other Assumptions

Functions JEEQEES

Big City:Annual 'water Use Rate =

F.ey\Unit Domestic ‘water Used

? Help

E(B|
1
]l

\/ Finigh I Q/MEHUJ | x Cancel |
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Repeat this procedure to replace the 3500 m*ha water use rate for the
“Agriculture” Demand Site with the newly created “Unit Irrigation Water

Needs” Key Assumption.

If you check the results now by re-recalculating, you should have the same
annual total values for demand as obtained in the WEAP in One Hour module:

- Annual Demand for Agriculture
- Annual Demand for Urban Area

helpful in certain cases. Upon dragging and dropping the object to be referenced from

@ Using the same process, references to other objects’ data can also be created. This can be
(4

the tree to the expression builder’s text field, a list of all available variables appears.

Using the Expression Builder

3. Creating Mathematical Expressions

You will now alter the monthly variation in water demand for Big City using

a mathematical expression. Click on the “Monthly Variation” tab (in the
“Water Use” window) and select the Expression Builder from the pull-down

menu in the data entry bar.
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=l

Area Edit Wiew General Tree Help
= Key Assumptions Diata for: | Cunent Aceounts [2000) = | | Menage Scenaiios . L) Deto Risport ‘

- Unit Domestic ' ater Lse

Unit Irigation ‘Water Neads { WamerUse | Lossand Reuse) Demand Management J  Cast )

- Domestic Y ariation

£} Demand Sites Friari Advanced

Schematic

Adictiture Annual Activity Levell Annual ‘water Use Rate JER ation Eunsumpl\onl

[+ Hydrology
=1 Supply and Resources Monthly share of annual demand. If propoitional to number of 7 Help

[+ Linking Demands and Supply days in month. leave blank. All branches within a demand

[=)- Rliver site have the same variation. To set branches differently.

l £ Main River change setting in General, Basic Parameters
- Reaches Diamand Site [2000 [Scale uni | BN
Results Retun Flows o
iig Ci T |Peicent  share

[#- Enwitonment L“ J

Other Assumptions
" Monkhly Time-Series Wizard,

(KN}

Chart R | Notes |

Manthly % ariation [monthly]

I_I<_

% share

s
£

Jaw o Feb Mlar  mpr May  Jun Jul Aug Sep Oct Nov  Dec

an

| Area: Tutorial | DataView Il | Redgistered to: Chiis Swartz, Tellus Instiute i)

Create the following expression by pulling down the “Domestic Variation”
Key Assumption and typing in the modifying terms:

Domestic Variation * 100/ 12

Expression Builder: Big City:Monthly ¥ariation o =] 3}
] L=

Click-and-drag a branch or function to add ta the expression below.

B Key Assumptions
-1 Unit Domestic ‘water Use
4 Unit lrrigation Water Meeds
0
=3 Demand Sites
--[ Big City
-1 Agriculture
{23 Hydrology
®-C3 Supply and Resources
=3 Enwiranment
{22 Other Assumptions

Functions
Big City:Monthly % anation = j J
Fep\Domestic Variation™ 00412 J ﬂ

2| =l
? Help J Finigh I Q/MEHUJ | x Cancel |

Note that if you had made a mistake in typing the expression, such as entering a space
- instead of a division sign, an error message would have appeared after clicking
z “Finish”. You would then be given the opportunity to review and correct the
expression. After the correction of an error, you must click “Verify” before “Finish”.
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View the new results for “Demand Site Coverage” after making these
changes. Click on the Results view and click on “Yes” to recalculate. The
results should appear as below:

WEAP: Tutorial

Area Edit Wiew Favorites Help

Table: | Map |

=]

IDemand Site Coverage (% of requirement met) F {|Percent |3

S chematic |5cemario: Reference = | |AII morths || [ Monthly &verane?
100 All Demand Sites - -
a0 v I ~ariculture n
¥ Il Biy City 0
80 =
70 Log
g0 &R
E 50 m
&
o
40 (o]
30 &
i
20 :I
(=]
10
a T T T T T T T T
January March  Apal  May  June  July Bugust Oetober Decermber
Al Years * [~ Percert of Time Exceeded
| Area: Tutorial | Results View II | Registered to: Chis Swarte, Tellus Institute J

Note that there now is no unmet demand in December for Big City because
the fraction of demand in December decreased from 8.5% (originally based on
the number of days in the month) to 7.5% (now based on the expression using
the “Domestic Variation” Key Assumption). You can review the numerical
values calculated from the “Monthly Variation” expression by selecting the
“Table” tab in the data review panel at the bottom of the data window.

WEAP: Tutorial

Area Edit Yiew General Tree Help

[=- Key Azsumptions
Unit Damestic Water Use
Unit Imigation Water Needs
Domestic Variation
[ Demand Sites
Agriculbure
[#- Hydrology
[=- Supply and Resources
Linking Demands and Supply
(=) River
l El- Main River
Reaches
Return Flows
[#- Environment
- Other Aszsumptions

Results

=8|

Data for: ICUW?ﬂl Accounts (2000~ | Manage Scenarios.. L) Data Repert. ‘

{ Water Use Loss and Reuse) Demand Managemem) Cost )
Priarity ) Advanced )

Annual Activity Leve\l Annual ‘Water Use Rate e IREIERN

Consumption |

Monthly share of annual demand. If proportional to number of % Help |
days in month, leave blank. All b within a d d

zite have the came variation. To zet branches differently,

change setting in General, Basic Parameters

Dernand Site [2000
Biig Citp |KE}'\DDIT\ESUC Wariation*1 00412

Jurit |

share |

| Scale
Percent

|»

L

Chart JET Nutesl

tdonthly Wariation [monthly] (% share]

—
J e 'W Aug 2000 Sep2000 Oct2000 Mov 2000 Dec 2000 i
4 3 .
Big City 96 8.3 8.3 78 75 E
4 L3
Area: Tutorial || Data Yiew H || Reqistered ta: Chiis Swartz, Tellus Institute J
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46 WEAP Tutorial

4. Using Built-In Functions

We will assume that the current population of Big City (2000) is not known,
but we know its population during the last census and the growth estimate.
Use the built-in “GrowthFrom” function to compute the current population of
Big City. Do this by selecting the Expression Builder from the pull-down
menu in the year 2000 data input field within the “Annual Activity Level”
window for Big City. Delete the present value of 800000, click on the
“Function” tab rather than the “Branch” tab and drag down into the text field
the “GrowthFrom” expression selected from the list of built in expressions.

NER

Area Edit View General Tree Help

£l Key Assumpions Data for. | Curient Accounts [2000)  + | | Manage Scenarios.. (L) Data Report. ‘
Urit Domestic ‘whater Use
- Unit lrrigation W ater Needs l “Water Use  Loss and Reuse) Demand Managemenl) Cost )

- Domestic Variation

& DEES Pricrity ) Advanced J
{Big City

-Agiculre Annual Activity Level |[EUGUERVEIC IS Halsl Monthly Variatiunl Cunsumplmnl
[ Hydralogy *
B Supp!y and Resouices Annual level of activity diiving demand, such as agricultuial ¢ Help |
[#- Linking Demands and Supply area, population using water for d i . or
- River industrial output.
| | = M:'Tqﬂ‘vj Demand Site [2000 [Scale [unit | -
eaches —
Resilts Retun Flows BigCiy _[EHN petsan
- Environment
. Oither Assumptions ]
-

Chart |EES | Noles |

Annual Activity Lewel

—

i 5 so0,000 h

@ 300/
o (A =

&
b 1 LlJ o 0
Big City Log
| Data View [ || Registered to: Chris Swartz, Tellus Institute J
Expression Builder: Big City:Annual Activity Level o =] 3}

% ® o \

Click-and-drag a branch or function to add ta the expression below,

¥ Use wizard to add time-series functions

Functions: IMﬂdeImg 7 [Smtax
GrowthFrom(GrowthRate, Starfyear, Startvalue)

Currentécocountsh/alue d o

Currentéccountsy'ear Description

Endvear Calculates avalue in any given vear using a growth rate fram the Startvalue in
he Startvear. The StarfYear can be any vear, past, present ar future

ExpForecast

Growth Example
GrowthFror (9%, 1990, 1003

Interp J 2000 =162.89

LinForecast 2002=171.03

LoanF: t

s GrowthFrom (5%, 2010, 100)

LogisticForecast

Monthiy slues 2001 = 61.39

Parent 2002 = 64.46

Frevrear ﬂ

 Furcions [ETERTESY

Big City:annual Activity Level = ﬂ J

GrowthFrom(] _,I _'II
2| =l
? Help J Finish I Ei/ysnry | x Cancel | .

Input the following data into the “GrowthFrom” expression, using the format
indicated in the description window next to the expression list.
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Date of last Census 1990
Population at last census 733,530

Estimated growth rate

1.75%

This results in the following format for the expression:

GrowthFrom(1.75%, 1990, 733530)

Exnpression Builder: Big Gity:Annual Activity Level

b BB ©

=lolx

Click-and-drag a branch or function to add ta the expression below.

[¥ Use wizard to add time-series functions

Functions: IModeImg < Emtax
GrowthFrom{GrowthRate, StarfYear, StartValue)

Currenticoountsyalue

Curmenbicoountsyear
Endrea
ExpForecast

Growth

Growthés

LinForecast
LaoanPayment
LogisticForecast
Manthiu alues
Parent
Prevrea

=
Description

Calculates avalue in any given year using a growth rate from the Startvalue in
he Startrear. The Stafvear can be ary year, past, present or future

Example
GrowthFrom (5%, 1990, 100)

2000 = 162 83
2002=171.03

GrowthFrom(5%, 2010, 100}

2001 = 61.39
2002 = 64.46

=]

 Furciors [

Big Citw:Annual Activity Level =

GrowithFrom(1. 753, 1930, 733630

E|B|
[
i ]
lml By ety | X Cancel | )
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The Expression Builder is only a simple way of entering expressions and functions.

N,

directly in the main Expression window.

Savvy users can by-pass it and enter functions, references and mathematical expressions

© 2005 Stockholm Environment Institute
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50 WEAP Tutorial

Note:

For this module you will need to have completed the previous modules (WEAP in
One Hour and Basic Tools) or have a fair knowledge of WEAP (data structure, Key
Assumptions, Expression Builder). To begin this module, go to the Main Menu, select
“Revert to Version” and choose the version named “Starting Point for ‘Scenarios'
module”.

Preparing the Ground for Scenarios

1. Understand the Structure of Scenarios in WEAP

In WEAP the typical scenario modeling effort consists of three steps. First, a
“Current Accounts” year is chosen to serve as the base year of the model;
Current Accounts has been what you have been adding data to in the
previous modules. A “Reference” scenario is established from the Current
Accounts to simulate likely evolution of the system without intervention.
Finally, “what-if” scenarios can be created to alter the “Reference Scenario”
and evaluate the effects of changes in policies and/or technologies.

Read the “Scenarios” help topic (under the Data subheading in the Help
Contents) for a more detailed description of the WEAP approach.

2. Change the Time Horizon for the Area

Under the General\ Years and Time Steps menu, change the “Time Horizon”
of the Area.

Current Accounts Year 2000 (unchanged)
Last Year of Scenarios 2015

3. Create an Additional Key Assumption

Create the following key assumption:
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Population Growth Rate  2.2%

There is no unit for this Key Assumption, but remember to change the “Scale”
field to Percent.

Creating the Reference Scenario

1. Describe the Reference Scenario

The “Reference” Scenario always exists. Change its description in the
Area\Manage Scenarios menu to reflect its actual role. Note that you must be
in the Data View or Schematic view to have access to the “Manage Scenarios”
option in the Area menu.

For example, “Base Case Scenario with population growth continuing at the
1960-1995 rate and slight irrigation technology improvement”.

] Manage Scenarios

T Add ;'1-, Copy = [elete Fename

= Current Accounts [2000] Reference iz bazed on:
|Eurrent Accounts ﬂ

Scenaro D escription:

Base-case scenario with population growth
continuing at the 1960-1295 rate and slight
irrigation technology improvement

[w Show results for thiz zcenario
Uncheck to reduce calculation time

¢ Cloze ? Help

2_ Change the Unit Irrigation Water Use

In the Data View, change the “Unit Irrigation Water Needs” Key Assumption
to reflect a new annual pattern for the period (2001-2015) after the Current
Accounts year. To make the change, you will need to select the “Reference”
scenario from the drop-down menu at the top of the screen. Use the “Yearly
Time-Series Wizard” to construct the time series.
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=101 x|

Area Edit View General Tree Help
Data for: | Reference [2001-2015) 'Il»éManageScenanos.. [3) Data Repart.. ‘

[=1- Kep Assumptions

- Unit Domestic Water Use
Domestic: Variation

- Population Grawth Rate

=) Demand Sites

defined variables that can be ref d

7 Help

These are
elsewhere in your analysis. For monthly variation, use
Monthly Time-Series Wizard.

) Supply and Resources

- Big City
Agiculture Key Assumption |oo0 [oom2015 [Scde  [unt Al
- Hydrology Unit Inigation ‘water Neads 3500 - m'3

Expression Builder

Linking Demands and Supply
(1 River
El- Main River
[+ Reaches
[ Retum Flows
[#)- Enwitarment
Other Assumptions

2~ Manthly Time-Series Wizard.

(KN}

Table | Notes |
ey Assumptions [monthly]

- -
=]

£ 2,000
E

3 I Al
— T T T T T
Jan Feb MproJun Aug Oct Dec Feb Apr Jun Aug Oct Dec Feb 3D

\Area Tutorial || Data View ” || Registered to: Chris Swarte, Tellus Institute:

First, select the function "Interpolate” by clicking on it, then click "Next".

s Wizard: Unit Irrigation Water Needs

Select function

Interpolate Step Function Smooth Curve

Linear Forecast Exponential Forecast Logistic Forecast

l:l X Cancel

[ [
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Click on "Enter Data" in the next window, click "Next", then click "Add" to
add the following data to the time series:

Type of Time Series: Interpolate

Data:
2000 3500
2005 3300
2010 3200

2015 3150
Growth after last year: 0%

Note that the first data point, for the year 2000, should already be listed in the
data input window because it was input when the “Unit Irrigation Water
Needs” Key Assumption was created in the Current Accounts (see Exercise 1
under Creating and Using Key Assumptions, Basic Tools Module).

1| Time-Series Wizard: Unit Irrigation Water Needs i [=] 3

‘ Enter Time-Series Data: Interpolate |
Previ

2
+ Add = Delete ¥ Allow dragging of values
Year - 3,500

2000 350000 3480
2005 3300.00 Q65
2mp 3zo000 '
2015 3150.00

3440
3420
3,400
3380
3360
3340
3320
3300
3280
3260
3240
3220
3,200
3180
3,160

Values

-

- 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2015 2014 2015
Grawith after last year: fi %

<A Previous | Hert &> ﬂl.:i

As you can see while running the Yearly Time Series Wizard, WEAP offers a wide range
of techniques to build time series, including importing from Excel files, creating step

functions, using forecasting equations etc.
« 2 > The Yearly Time Series Wizard helps you create expressions. You can also simply type
or edit the expression (in this case, “Interp( 2000,3300, 2005,3300, 2010,3200,

2015,3150 )” without running the wizard, either directly or through the Expression
Builder.
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3. Set the Population Growth

Set the population of Big City to grow by the rate defined by the “Population
Growth Rate” Key Assumption defined in an earlier step. Here again you will
have to select the “Reference” scenario in the drop-down menu at the top of
the Data view.

Make sure you have the Big City Demand Site and its Annual Activity Level
tab selected. Delete the current expression and select the “Growth” function in
the Expression Builder in the pull-down menu below the 2001-2015 field (Note
that the present expression in this field is the same as that for the Current
Accounts year). Then click on the “Branch” tab above the text field. Either
double click on the "Population Growth Rate” Key Assumption in the Data
Tree, or drag it down into the expression window. Your final function should
read “Growth(Key\ Population Growth Rate/100)”

Note that you have to divide the “Population Growth Rate” by 100 in order for
WEAP to recognize the value of 2.2 in the Key Assumption as 0.022 in the
calculation.

Expression Builder: Big City:Annual Activity Level =13

L=l =T

Click-and-drag a branch or function to add to the expression below,

[v Use wizard to add time-series functions

-IM del | Bimiax
Pt Current Accountsearvalue or
Currentdccountsy/ alue Current AccountsYearvalue(BranchMName)
Currentéccountst'ear o
Endrear Description
Eunf 1 Calculates the Current Accounts value of either the current branch, or of another
R branch referred to s a parameter ta the function
Growth
Gromthés Examples
GrowthFrom 10+Current AccountsYearvalue for a Gurrent Accountsvalue of 100
Interp
LinForecast Evaluated in any year=110
LaoanPayment
LogisticForecast 10+Current Accountsrvalue(HousehaldsWrhan)
& or branch "HouseholdWrban® with a Current Accounts value of 1000.
Manthiu alues
Parent Evaluated in any year=1010
Prevrea j
 Furciors [T
Big Citw:Annual Activity Level = _+| ;I
Growth(k.eytPopulation Growth Rate/100] ﬂ _"‘I
2|
? Help o Firish I By Werity | X Cancel | )

The same effect could have been modeled without creating a Key Assumption in the
tirst place. We will see however that doing so provides more flexibility when adding

. other scenarios.
<§ (4 >
Any value for which no time series is defined for the “Reference” scenario is assumed to
remain constant. In our case for example, the Agriculture demand will remain constant
until 2015 unless we change this variable as well.
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4. Run the Reference Scenario

55

Run the Reference Scenario by clicking the “Results” view. Look at a 3-D
graph of “Unmet Demand” (select “Annual Total”) for both demand sites. It
should be similar to the figure below. Think about the following points.

How does the demand evolve compared to the unmet demand?

Why is the total unmet demand decreasing at first and then increasing?

-Ioix]

Area Edit Wiew Favorites Help
Table | Map |
é"-.w"w.-"ater Demand (not including loss, reuse and DSh) R T e A b

IBran:h Demand Sites j IS:eﬂariU. Fieference j IA\I months ﬂ ¥ Annual Total? [~ Monthly Average?

4l Branches - =
v Il big City =
[ I Agriculture ’E
Log
Gip:
H
&
i

2000 2001 2002 2003 2004 2005 2006 2007 2005 2009 2010 2011 2012 2013 2014 2015

Al Years = [~ Percent of Time Excesded

Area: Tutorial Riesults WView Fegistered to: Chris Swaitz, Tellus Institute

-Ioix]

Area Edit Wiew Favorites Help

Table | Map |

ULk | = (Million [Cubic Meter | )

IS:enarln' Reference ﬂ IA\I months j I Annual Total? [~ Monthly sverage?

Al Demand Sites -

¥ Il Biy City
v [l ~ariculture

Nelmae

o -
o 3

2o F e

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Al Years * [~ Percert of Time Exceeded

Area: Tutorial Results View Reaistered to: Chris Swartz, Tellus [nstitute:
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Creating and Running Scenarios

1. Create a New Scenario to Model High Population Growth

WEAP Tutorial

Create a new scenario to evaluate the impact of a population growth rate for
Big City higher than 2.2% for the period 2001-2015.

For this, choose the menu “Area”, “Manage Scenario”, right-click the
“Reference” scenario and select “Add”. Name this scenario “High Population
Growth” and add the description “This scenario looks at the impact of
increasing the population growth rate for Big City from a value of 2.2% to

5.0%.”
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2. Enter the Data for this Scenario

Make the following changes in the Data view after having chosen your new
scenario in the drop-down menu at the top of the screen:

Select the “Population Growth Rate” Key Assumption and change the value
under the 2001-2015 field to 5.0. Note that the color of the data field changes to
red after the change - this occurs for any values that are changed to deviate from
the “Reference” scenario value.
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3. Compare Results for the Reference and Higher Population Growth
Scenarios

Compare, graphically, the results for the two scenarios we have established
so far (Reference and Higher Population Growth).

For example, select “Water Demand” from the primary variable pull-down
menu. Click in the drop-down menu to the right of the chart area (above the
graph legend), and select “All Scenarios”. Choose to show only Big City
demand by selecting it from the pull-down list in the upper left pull-down menu
of the Results window. Your graph should be similar to the one below.
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il
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Note the higher Water Demand for Big City in the “Higher Population
Growth” scenario, as expected.

Next, compare “Unmet Demand” for the two scenarios. Use the primary
variable pull-down menu to select “Unmet Demand”.
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Again, note the higher Unmet Demand for the Higher Population Growth
scenario.

When creating many scenarios in the same area, the computation can become lengthy.
/ A In this case you can exclude some of the scenarios from the calculation by unchecking
the “Show results for this scenario” box in the scenario manager for those scenarios.
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Using the Water Year Method

1 . Create the Water Year Definitions

The previous exercise only varied demand, not supply. In this step we now want
to see how natural variation in climate data (stream flow, rainfall etc.) can be
taken into account in WEAP through scenario analyses. We will use the
“Water Year Method” as an example. The Water Year Method is a simple
means to represent variation in climate data such as streamflow, rainfall, and
groundwater recharge. The method first involves defining how different
climate regimes (e.g., very dry, dry, very wet) compare relative to a normal
year, which is given a value of 1. Dry years have a value less than 1, very wet
years have a value larger than 1.

With the “Reference” scenario selected, go into the data view and click on the
"Water Year Method" branch under "Hydrology" in the Data tree.

=101
frea Edit Wiew General Tree Help
[+ Key Assumptions - = . ‘
[ e [ Manage Scenarios.. L) Data Report.
Unit Imigation W ater Needs
Domestic Variation
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H Fiead fram File Dry 1
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i Reaches L
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q 1 _>|—1 ¥ — Hormal Al
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Area: Tutorial D ata Yiew Registered ta: Chiis Swartz, Tellus Institute

Select the "Definitions" tab and enter the following data:

Very Dry 0.7

Dry 0.8
Normal 1.0
Wet 1.3

Very wet  1.45
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WEAP: Tutorial
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Monthly variations can be entered if data is available.

Create the Water Year Sequence

The next step in using the “Water Year Method” is to create the sequence of

climatic variation for the scenario period. Each year of the period is assigned
one of the climate categories (e.g., wet). For the “Reference” scenario, we will
assume the following sequence:

2001-2003 normal
2004 very dry
2005 wet
2006-2008 normal
2009-2010 dry
2011 very wet
2012 normal
2013 wet
2014 normal

2015 dry

To input this sequence, select the "Sequence" tab under the "Water Year

Method" branch.
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Set the Current Account as Normal
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Then, select the “Reference” scenario and input the sequence given

above.
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In order to let the inflows to the model (in our case, the headflow of the main river) vary
in time, WEAP offers two strategies. If detailed forecasts are available, those can be read
using the ReadFromFile function (refer to the Tutorial module on Format and Data for

o more details). Another method, which is the one presented here, is the “Water Year

Method”. Under this method every year in the model’s duration can be defined as
normal, wet, very wet, dry or very dry. Different scenarios can then alter the chosen
sequence of dry and wet years to assess the impact of natural variation on water
resources management.
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3. Set up the Model to Use the Water Year Method

In the Data tree, change the “Headflow” for the Main River in the
“Reference” scenario to use the “Water Year Method”. Note that before, the
monthly values of Headflow were the same for the period 2001-2015 as for
2000, the Current Accounts year.

Use the drop down menu in the “Get Values from” to select this method. You
may have to scroll left in this window to get the “Get Values from” field to
appear
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4. Re-run the Model

Run the model again and compare “Unmet Demand” for the “Reference” and
“Higher Population Growth” scenarios, as before (of course, “Water
Demand” will not have changed after altering the supply side of the model
with the Water Year Method).
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Note that Big City “Unmet Demand” for both scenarios is much more erratic
using the Water Year Method than assuming a constant headflow to the Main
River, as observed in the previous exercise. In the present case, Unmet
Demand varies as the future climate varies. During years wetter or much
wetter than normal (2000, the Current Accounts year), Unmet Demand is
actually lower than in 2000 for both scenarios, even with the increase in Water
Demand from population growth (2.2% for the Reference and 5.0% for the
Higher Population Growth scenarios). The increased precipitation, and
headflow to the river, mitigates this increased demand in the wetter years.

The opposite occurs in the dry to very dry years, where the population
growth is exacerbated by the lower precipitation and headflow in the river in
these years. This leads to even higher Unmet Demand than is simulated
assuming a constant climate (as performed in the previous exercise).

Since unmet demand is the difference between a large demand and a large supply, even
a rather small change in the supply at nearly-constant demand can have a very large

impact on the unmet demand.

<§ 2 ) This model does not take any kind of inter-year storage into consideration (reservoirs,
groundwater). Therefore, there is no way that the shortage in a dry year can be
alleviated by using surplus from previous, wetter years. For more details on how to
model storage, refer to the “Refining the Supply” WEAP tutorial module.
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If you had wanted to compare, in the same graph in WEAP, results for the
Water Year Method to that generated assuming a constant climate, you could
have created a new scenario that used the Water Year Method rather than
changing the data in the “Reference” scenario to accommodate the Water
Year Method. This new scenario would be inherited from the “Reference”
scenario, and the Scenario tree in the “Scenarios Manager would look as

follows:
x
Ik Add ;"_-, Copy = Delete Rename |
=5 I:_urrent Accounts [2000] Wwhater Year Method is based an;
- Reference [2001-2015) Freferance j

i Higher Population Growth [2007-2015]

o ear Methad [2007-2015)

Scenario Description:

v Show results for this scenario
Uncheck to reduce calculation time

o Cloze I ? Help |.:E

Note that in this case, both the “Reference” (constant climate) and “Water
Year Method” scenarios (variable climate) would use a Population Growth
Rate equal to 2.2% for Big City, since the “Water Year Method” scenario is
inherited from the “Reference” scenario.

If one wanted to compare, in the same WEAP graph, constant climate and
variable climate using a 5% Population Growth Rate, you could create
another new scenario inherited from the “Water Year Method” scenario and
change the “Population Growth Rate” Key Assumption in this scenario to 5%.
The tree structure would look as follows:
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x

Ik Add ;'«'_-, Copy = [elete Rename |
(= E_urrent Accounts [2000] ulation Growth and Yarnable Climate i
E- Reference [2001-2075] W ater Tear Method j
Higher Population Growth [2001-2015]
= Water Tear Method [2001-2015) Scenarno Description;

B Higher Population Growth and % ariable Climate [200

v Show rezulks for this scenano
d ol I

Uncheck to reduce calculation time

f Close I ? Help

WEAP allows for unlimited versatility in the arrangement of scenarios. Note that you

i can output results to Excel, which also facilitates results comparisons among scenarios.
This feature will be discussed in greater detail in the “Data, Results, and Formatting”
module.

5. Change Scenario Inheritance

The following example demonstrates the utility of changing scenario
inheritance within WEAP.

Create a new scenario inherited from the “Reference” scenario, and name it
“Extended Dry Climate Sequence”. The scenario tree structure should look as
follows:
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x
Ik Add ;'«'_-, Copy = [elete Rename |

(= E_urrent Accounts [2000] Estended Dy Climate Sequence iz based on;
[l Reference [2001-2015] Freference j

Higher Population Growth [2001-2015]

O £ stended Dy Clirmate S equence [2001 Scenanio Description;

v Show rezulks for this scenano
d o

Uncheck to reduce calculation time

f Close I ? Help |.:E

Go to the Data view and select this new scenario for editing. Click on the
“Water Year Method” branch of the data tree (below Hydrology) to edit the
climate sequence as follows:

2001-2003 normal
2004 wet
2005 normal
2006-2008 normal
2009-2010 wvery dry

2011 normal
2012 dry
2013 normal
2014 normal
2015 dry

The results (shown below) indicate that Big City “Unmet Demand” for the
“Extended Dry Climate Sequence” (new climate sequence and a 2.2 %
Population Growth Rate) falls somewhat in between those for the “Reference”
scenario (original climate sequence and a 2.2 % Population Growth Rate) and
the “Higher Population Growth Rate” scenario (original climate sequence,
but a 5% Population Growth Rate).
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Now, we will change the Scenario Inheritance of the “Extended Dry Climate
Sequence” scenario, placing it under the “Higher Population Growth Rate”
scenario so that it inherits the 5% Population Growth Rate of that scenario. In
the Scenario Manager, select the “Extended Dry Climate Sequence” scenario,
click on the drop down list to the right (below the text saying “Extended Dry
Climate Sequence is based on:”) and select “Higher Population Growth” as

the new parent scenario.

4 Add

;"_-. Caopy

= Delete

x

Rename

4

(= E_urrent Accounts [2000]
[l Reference [2001-2015)
= Higher Population Grawth [2001-2015]

. Extended Dry Climate Sequence [2001-20°

Extended Diry Climate Sequence iz bazed on;

Higher Population Growth)

Current Accounts
| Reference

v Show resulks for this scenario

Uncheck to reduce calculation time

f Close I ? Help |.:E

Now, recalculate the results and look again at “Unmet Demand” for Big City.
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What changes do you notice to the unmet demand for the “Extended Dry
Climate Sequence” scenario?
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- With the higher population growth rate and dryer climate, Unmet Demand increases
substantially.
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Note:

For this module you will need to have completed the previous modules (“WEAP in
One Hour, Basic Tools, and Scenarios) or have a fair knowledge of WEAP (data
structure, Key Assumptions, Expression Builder, creating scenarios). To begin this
module, go to the Main Menu, select “Revert to Version” and choose the version
named “Starting Point for all modules after ‘Scenarios” module.”

Disaggregating Demand

1_ Create a new Demand Site

In the Current Accounts, create a new demand site downstream of Big City to
simulate rural demand. Name this node “Rural” and give it a Demand Priority
=1. Provide a Transmission Link from the Main River positioned
downstream of both the Big City and Agriculture Return Flows. The Supply
Preference should be set to 1. Also provide a Return Flow for Rural that is
positioned further downstream. Provide a Return Flow Routing equal to 100%.

Your area should now look as follows:
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Q 4 I »

Area: Tutorial Schematic View Reaistered to: Chris Swartz, Tellus [nstitute:

2_ Create the Data Structure for “Rural” demand node

In order to create a data structure, right-click the “Rural” demand site in the
data view tree, and select “Add” to implement the following structure (do not
enter any data yet):
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71

Note that “Showers”, “Toilets”, “Washing”, and “Others” are added as sub-
branches below “Single Family Houses”.
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3. Enter the Annual Activity Level data

Enter the following data under the Rural Demand Site, Annual Activity Level

tab:

Rural
Single Family Houses
Showers
Toilets
Washing
Others
Apartment Buildings
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Share vs. Saturation: even though both types of percentages are treated mathematically
the same by WEAP, they are conceptually different. At a given level of the tree, shares

- should always sum up to 100%. They also allow the use of the “remainder” function.

Saturation indicates the penetration rate for a particular device and is independent of
the penetration rate for other devices (i.e., saturation rates for all sub-branches within a
given branch do not have to sum to 100.
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4. Enter the Annual Water Use Rate data

Enter the following data under the “Rural” demand site, “Annual Water Use

Rate” tab.
Rural
Single Family Houses
Showers 80 m3/household
Toilets 120 m3/household
Washing 60 m3/household
Others 40 m3/household
Apartment Buildings 220 m3/household
Consumption (in consumption tab) 80%

Note that the “Consumption” value is entered for the entire Rural demand node,
and not the sub-branches.

5. Check the results

Recalculate your results. In the Results view, choose “Water Demand” as the
primary variable from the pull down menu. Select “All Branches” from the
pull-down menu directly above the graph legend. Select 3-D and bar graph as
the format using the pull-down menu for the “Chart Type” icon on the
vertical graphing toolbar (see first and second screen shot below). Select the
Rural demand node from the pull down menu above the graph (see third
screen shot below).
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In order to view Water Demand results for all of the Rural sub-branches (e.g.,
Single Family Houses\ Showers; Apartment Buildings), toggle up to Level 2
on the “Levels” selection field (directly above the center of the graph). The
resulting graph should look like the one below:
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Do you understand why the Rural demand varies along the year even though
we have not entered any variation?

The variation in Rural demand is due to the fact that WEAP assumes a constant daily
- demand per day (no monthly demand was specified by the user), so months that have
z less days (like February) have a lower demand than months that have more days (like
January).

Now create a 3-D graph of “Demand Site Coverage” and select all demand
sites for presentation (the pull-down menu to do the latter is to the right of
the graph; see below).
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Do you understand why Coverage is always 100% for Rural but not for Big
City and Agriculture, even though they all have the same demand priority
level?

which means there is an additional volume of water available in the river; this return

" The Rural withdrawal point is downstream of the return flow point for the Big City,
®
flow can easily cover the rather small Rural demand.

Modeling Demand Side Management,
Losses and Reuse

1. Implement Demand Side Management - the disaggregated approach

We will now create a new scenario that explores a demand side management
strategy. Call this scenario “New Washing Machines DSM”; it is to be
inherited from the “Reference” scenario so it will have the same climate and
Big City population growth rate as the “Reference” scenario. The scenario tree
in the Manage Scenarios window should look like this:
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x|
e Add -ﬁ LCopy = [lelete Fename |

Curren
[l Reference [2001-2015) ﬂ
Higher Population Growth [2001-2015]
i New Wazhing Machines DSM [2001-2015) Scenaria Description:

¥ Show results far this scenaria
Uncheck to reduce calculation time

¢ Cloge I ? Help |.:E

We will assume that a new type of washing machines allows a 2/3 reduction
(66.7%) in washing water consumption. This new scenario will evaluate the

impact of this Demand Side Management measure if 50% of the households
can be convinced to purchase the water-saving machine.

First, go back to Current Accounts in the Data view, where you will create
two new branches (Old Machines and New Machines) in the Rural data
structure. Effectively, you are disaggregating the “Washing” variable to now
include two new sub-categories. Note that you must return to Current Accounts
because all new data structures have to be entered in Current Accounts, even if the
variable is not to be activated (i.e., given non-zero activity levels) in the Current
Accounts and “Reference” scenario.

When you go to add the first sub-branch under Washing, you will get the
following message:

© 2005 Stockholm Environment Institute November 2005



78

utorial_EmptyCopy

WEAP Tutorial

- (B[]

ey Assumptions
£l Demand Sites
Bia City
Agriculture
= Rural
= Single Family Houzes
Showers

T

Others

&

If you create a new branch underneath "Washing”, you will lose the water use data already entered for
Washing. Water use data is entered only at the lowest level on the demand tree.) Do you want to delete
this data and create a new branch underneath “Washing™ ?

H Dista for: [Curment Aceounts (2000) =] |4 Manage Scenarios.. (L) Data Repot |
{ WaterUse  Loss and Reuse) _Demand Maﬂagemenl) Priority J

Advanced )

B Annual water Use Halel Munth\y\fanatmnl Eonsumplmnl

Annual level of activity driving demand. such as a_glicullulal area. 9 Help

nnnulatinn uginn water for domestic numnnzes an industial nunub

LhF - NEZ s@E

Area: Tutorial_EmptyCopy DataView

Big Gty

Registered to: Tellus Institute

Click yes, and add the following structure:

= Rural
- Single Family Houzes
- Showers
- Toiletz
(=] Washing
- Mew Machines
0ld Machines
- Otherz
- Apartment Buildingz

Change the units for “Old Machines” and “New Machines” to “Shares”.
Reenter the Water Use Rate for Old Machines (60 m3/household), as was the
value for the original higher level variable “Washing”.
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Enter a value of 100% for the “Old Machines Activity Level”. Leave blank the
Activity Level for “New Machines” - this is the same as entering a zero.
Remember, you are entering these in the Current Accounts, so you want only
the “Old Machines” to be active in the “Reference” scenario. This recreates the
same effect as having the aggregated variable “Washing” in the original
Current Accounts and “Reference” scenario. The “New Machines” variable will
be activated in the “New Washing Machines DSM” scenario (see below).
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Now, switch to the “New Washing Machines DSM” scenario.

Input a value of 50 for New Machines (50% of all washing machines will be this
new variety) and Remainder(100) for Old Machines (use the Expression Builder

for the latter).
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You will have to input again the original Water Use Rate for the Old Machines
(60 m3/household) as well as the new Water Use Rate for the New Machines:

Old Machines
New Machines
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Now compare the numerical Water Demand results for the Washing branch
of the Rural demand site for the “Reference” and “New Washing Machines
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DSM” scenarios. In the Results view, click on the Table tab and select the
Water Demand variable. Also select “Annual Total” rather than “Monthly
Average” and choose 2001 (you can only view numerical results for one
individual year at a time when comparing scenarios in the Table view, but
this does not present a difficulty for this example, as we do not try to model
any growth with time for the Washing variable). Choose Demand

Sites\ Rural\ Washing\ Single Family Houses\ Washing from the upper left
pull-down menu and “All Branches” from the upper right pull-down menu.
Select the “Reference” and “New Washing Machines DSM” scenarios from
the pull-down menu at the bottom of the window. The table should look like
the following;:
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Note that the use of the New Machines in 2001 (and all subsequent years in
the “New Washing Machines DSM” scenario period) results in about 460000
m? less water demand than if only Old Machines are used (Reference
scenario).

Demand-side management (DSM) refers to measures that can be taken on the
consumer’s side of the meter to change the amount or timing of water consumption (as
<i i > compared to the utility company's, or supply, side of the meter).

Another way of modeling disaggregated DSM is to reduce the unit consumption for the
affected category (in this case washing). There is no right or wrong way to model DSM.
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2. Implement Demand Side Management - the aggregated approach

If disaggregated data is not available, an equivalent value of DSM can be
computed. In this example, assuming we had not disaggregated the Rural
water demand, we could come to the same result by using the “Demand
Management” option for this Demand Site in the Data view. In this case the
reduction would amount to:

Original contribution of

washing to rural water use 2,772/26,316 = 10.5%
Share of New Machines 50%
Reduction of New Machines 66.6%
Multiplying all of these percentages together = 3.5%

This value could be entered in the “Demand Management/Demand Savings”
tab for the Rural branch of a Demand Side Management scenario.
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view. To see the effect of a DSM measure, look at the change in Supply Requirement

Demand Side Management (DSM) measures are not taken into account in the demand
@
rather than Water Demand.

© 2005 Stockholm Environment Institute November 2005



Refining the Demand Analysis 83

3.

Model Reuse

Another water conservation strategy that could be studied with scenarios is
water reuse. Create a new scenario inherited from the “Reference” scenario

and name it “Big City Reuse”. Make sure you are in this new scenario and

click on the Big City branch. Click on the “Loss and Reuse” button and click
the “Reuse” tab.
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Enter the following expression in the 2001-2015 field using the Expression
Builder:

Smooth(2001,5, 2005,18, 2015,25)

First, pull the “Smooth” function into the text field of the Expression builder
and select “Smooth” from the options. Click “Next” and enter the data values.
You should get a plot like the one below. Note that Reuse in the Current
Accounts (2000) remains zero. Click “Finish”.
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Compare Unmet Demand for Big City before (Reference) and after (Big City
Reuse) instituting this conservation strategy. You should get the graph below,
which shows substantial reductions in Big City Unmet Demand when the
water reuse strategy is used.
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4. Model Losses

Re-edit the model to take into account the fact that there is a 20% loss rate in
the network of Big City. Make this change for the Current Accounts so that it
will be carried through the “Reference” scenario, and as a result of the
inheritance feature, throughout all scenarios.
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What happens to the unmet demand for the Big City, both in the “Reference”
scenario and the “Big City Reuse” scenario compared to the earlier exercise
without losses?

ol
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Losses can happen in Transmission Link, in the Demand Site itself or in the Return flow.
- Losses in the Transmission Link will affect the supply to the Demand Site. Losses in the
Demand Site will affect the required Supply Requirements of this Demand Site. Losses
in the Return Flow will only affect the flow returned.
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Setting Demand Allocation Priorities

1. Edit Demand Site Priority

Create a new scenario, inherited from the “Reference”, and name it
“Changing Demand Priorities”. Change the Demand Priority of the
Agriculture Demand Site in the Data view by clicking on the Agriculture
branch and then clicking on the Priority button, or by clicking on the node in
the Schematic View and selecting "General Info".

Change the Demand Priority from 1 to 2.
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A demand priority can be any whole number between 1 and 99 (99 is the default) and
allows the user to specify the order in which the water requirements of demand sites are
satisfied. WEAP will attempt to satisfy the water requirement of a demand site with a
demand priority of 1 before a demand site with a demand priority of 2 or greater. If two
demand sites have the same priority, WEAP will attempt to satisfy their water
requirements equally. Absolute values have no significance for the priority levels; only
the relative order matters. For example, if there are two demand sites, the same result
will occur if demand priorities are set to 1 and 2 or 1 and 99.

Demand Priorities allow the user to represent in WEAP water allocation as it actually
<i i > occurs in their system. For example, a downstream farmer may have historical water
rights to river water, even though another demand site positioned upstream could
extract as much river water as it desired, leaving the farmer with little water in the
absence of such water rights. The Demand Priority setting allows the user to set the
farmer's priority for water above that of the upstream demand site. Demand Priorities
can also change with time or change in a scenario - more advanced subject matter to be

dealt with later in the tutorial.

You can also change the Demand Priority in the Data View \ ”Priority” screen\”Demand
Priority” tab.

2 . Compare Results

Display graphically the Unmet Demand for Agriculture for the “Reference”
and “Changing Demand Priorities” scenarios. It should look like the graph
below”:

-Ioix]

Ares Edt View Favores Hslp

Table | Map |
W (MnhunIWI)
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TELCE;

oo
3 &

Million Cubic Meter

BeBoOP s

2000 2001 2003 2005 2007 2008 2011 2m3 2015

MlYears w| [ Percent of Time Exceedsd

Area Tutorial Results View FRegistered to: Chriz Swartz. Tellus Institute:

Notice that the Unmet Demand for Agriculture increases when its Demand
Priority is raised to 2. This is because Big City now has preference for having
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88 WEAP Tutorial

its demand met first. Evidence of this can be observed by generating a graph
of the monthly average Demand Coverage for Big City and Agriculture across
all years of the Reference scenario.

ol
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Now compare these results to the same graph generated for the “Changing
Demand Priorities” scenario.
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Refining the Demand Analysis 89

Notice that in the “Reference” scenario, for the spring and late summer
months, both Big City and Agriculture do not get full coverage of their
demand because they both compete equally for Main River flow. When Big
City is given preference for meeting demand (Changing Demand Priorities
scenario), however, its coverage improves relative to Agriculture. At times,
coverage is 100% for Agriculture, but not for Big City - that is because there is
no Agriculture demand (primarily observed for the winter months). Note
that the Demand Coverage for the Rural demand site is always 100% - this is
because the return flows for Big City and Agriculture satisfy the water
demand created by the Rural demand site.
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92 WEAP Tutorial

Note:

For this module you will need to have completed the previous modules (“WEAP in
One Hour, Basic Tools, and Scenarios) or have a fair knowledge of WEAP (data
structure, Key Assumptions, Expression Builder, creating scenarios). To begin this
module, go to the Main Menu, select “Revert to Version” and choose the version
named “Starting Point for all modules after ‘Scenarios” module.”

Changing Supply Priorities

1. Create a new Transmission Link for water reuse

Create a new transmission link starting at the Big City Demand Site and
ending at the Agriculture Demand Site. This is a conceptual model of reuse of
urban wastewater for agriculture purposes. Set the Supply Preference on this
Transmission Link to 2.

Supply Preference 2

=loix]

Area Edit wiew Schematic Genmeral Help
FRiiver Al e
Diversion
A Reservoir
¥ Grourdwater
* Other Supply
¥ @ Demand Site
® Catchment
.
® e Treatment Plant
Retumn Flow Main River —
R un of River Hydro g
1% Flaw Requiremert ﬂ
[ Rivers_Polygors
@ Rivers_Arcs
[ Cities
M rivers

Agriculture (1)

2 « 1 ;IJ

Area: Tutorial Schematic View | "Rural’ marked for cut Reaistered to: Chris Swartz, Tellus [nstitute:

If water quality were a concern, a wastewater treatment plant could have been added to

- treat the water from Big City before Agriculture received it. Having the treatment plant

z in the schematic would make it possible to simulate the changes in water quality before
and after treatment.
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2. Results when you change Supply Preferences

Try changing the Supply Preferences of the two links that now supply
Agriculture and look at the related results for Demand Site Coverage. To
change Supply Preferences, either right click on the Transmission Link in the
Schematic view or go to the Data view and click on the appropriate
Transmission link below Supply and Resources\ Linking Demands and
Supply \ Agriculture.

WEAP: Tutorial -0 x|
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Area Edit Wiew General Tree Help
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i Domestic Variation

i Population Grawth Rate
=1 Demand Sites

i - Big City Demand site’s preference for each source of water. If no 7 Help

| v

Schematic
Supply Prefersnce |JERI I Volumel Maximum Flow  Percent ofDemandl

L Ariculture preference, set all to 1. Does not vary over time or by scenario.

EI H.ydlo\ogy to Agriculture | Supply Preference I =
- Water Year Method rom Big Cit
*-- Read fram File 8

El- Supply and Resaurces

i [ Linking Demands and Supply
P ta Big City 1.
L to Agriculture

i i+ fram Withdrawal Nod

H & [Fram Biig City|
River

K —

Ll

| Area: Tutorial | Data View | "Rural’ marked for cut | Registered to: Chris Swartz, Tellus Instilute

Try the following combinations:

Supply Preferences = 1 from the Main River, 2 from Big City
ST=EY

Area Edit Wiew Favorites Help
Tablel tap |

IDemand Site Coverage (% of requiremnent met) F [Wj
Schematic ISceﬂariU. Feference x| |AII months | [ Monthly Average?

100 Al Demand Sites | -
- v Il Aariculture u
e I Big City D
a0 =
70 Log
60 Girp
® #
s .
&=
o
40 Q
30 &
<
20 :I
=]
10
a T u T T u u T T
January barch  Aphl  May  June  July  Bugust October December
All'vears v | [ Percent of Time Exceeded
Area: Tutarial H Results View || “Rural" marked for cut H Registered tor Chris Swartz, Tellus Institute: J
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94 WEAP Tutorial

Supply Preferences = 2 from the Main River, 1 from Big City

WEAP: Tutorial 1ol x|
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Supply Preferences = 1 from the Main River and 1 from Big City
lalx]

Area Edit Wiew Faworites Help
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| Area: Tutorial | Results View | "Rural’ marked for cut | Registered to: Chris Swartz, Tellus Instilute J

Do you understand why the differences in Demand Coverage occur when the Supply
Preferences change?
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You can modify the display of preferences on the schematic by using the
“Schematic\ Change the Priority View” menu. The “View Allocation Order” option will
. display the actual priority order in which WEAP computes supply. This is a function of
@ the Supply Preference of the link as well as the Demand Priority of the demand site.

Note that you can study the impact of changing Supply Preferences, like Demand
Priorities, by creating alternative scenarios.

3. Revert to original model

You can do this using the “Revert to Version” option under the Area menu.
Choose “Starting Point for all modules after Scenarios module” as you did at
the beginning of this exercise.

Modeling Reservoirs

1. Create a Reservoir and enter the related data

First, create a new scenario inherited from “Reference”, and name it “Reservoir

Added”.
5I
T Add ;'1-, Copy = [elete Fiename |
- C_urrent Accounts [2000) Rezervair ddded iz bazed on;
= Reference [2001-2015] Freference j
Higher Population Growth [2001-2005)
.. Reservair Added [2001-2015) Seenario Description:

v Show results for this scenario
Uncheck to reduce calculation time

& Close I ? Help |.:E

Then add a reservoir object on the Main River upstream of Big City, and
name it "Main River Reservoir" Be sure to unclick the box where it asks if this
object is active in Current Accounts.

Leave the Demand Priority at 99 (default).
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General Info x|
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—FReturn Flow b
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# Flaw Requirement =l
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Y Big City (1)

Ovwerviews

&

Agriculture (1)

0 ‘ 1 _l‘I

| Area: Tutorial || Schematic View || || Registered to: Chiis Swartz, Tellus Institute il

Right click on Main River Reservoir and select "Edit Data". Select the
“Storage Capacity” variable to enter the Data view (Make sure you have the
“Reservoir Added” scenario selected). Once you are in the Data view, you
will first have to click on the “Startup Year” button before you can alter any
other parameters.

Choose 2002 as the startup year for Main River Reservoir
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WEAP: Tutorial

Area Edt View

General Tres Help

[

= Key Assumptions

Unit Domestic 'Water Use:
Unit Irigation *water Needs
Domestic Variation
Population Grawth Rate

() Demand Sites
- Hydraloay
E

- Supply and Resources
Linking Demands and Supply
) River
[=)- Main River
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e ]

FRetun Flows

£ Water Quality
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Cost ) Priority )
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7 Help

Reservair |Startup Year | N

Main River Reservair 2002 |

L«l

Area Tutorial

| Data View |

|| Registered to; Chiis Swartz, Tellus Institute i

97

Then click on the “Physical” button and change the following parameters:

Storage

Capacity

70 M m?

Note that the Scale is set to "Million”

i
Area Edt View General Iree Help
) Kep Assumplions Data far: | Fieservoir Added [2001-20° | |4 Manage Scenarios.. (L) Data Report |
Unit Domestic: wWater Use
Unit Iigation 'water Needs Startup rear J { Physical Operatmn) Hydropnwer) Water@uahty)
Domestic Varition " g a a
Population Growth Rate p—
i Demanisies Cost) Priarty )
B Hydrolagy : W /clume Elevation ch3| NEtEvapural\unl
£l Supply and Resources
Linking Demands and Supply Total capacity of reservoir ?
e _? Holp |
=) Main River Ressrvolr |z000 |20m-2m5 |scale  Junt [ 4]
Rieaches Main Filver Reservai 70 Milon  m"3
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[ Wwiater Quality
Other Assumpions
i'] Tamel Nulesl
Hates Storags Capacity
o 6 5
E 40 =
=l 3D
o Log
2000 2001 2003 2008 2007 2009 2011 am3 ms —
| Area; Tutarial | DataView Il | Registered to: Chiis Swartz, Tellus Institute J
i More details about reservoirs operation and hydropower production are provided in
e : : 7 M
the “Reservoirs and Power Production” module of the WEAP tutorial.
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2. Run the Model and Evaluate the Results

Compare the Demand Site Coverage for Agriculture in the “Reference” and
“Reservoir Added” scenarios.

- Demand Coverage: why does Agriculture have higher coverage with the Main
River Reservoir in place?

WEAP: Tutorial =10f x|
frea Edit View Favortes Help
2N - | v |
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- Reservoir Storage Volume: does the solution of building a reservoir appear to
be sustainable?

Use the primary variable pull down menu to select Reservoir Storage
Volume (under Supply and Resources\Reservoir), and select “All Years”
from the pull down menu at the bottom of the graph.
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0]
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- Flow in the River: how does having the reservoir on the Main River change
the flow downstream compared to the Reference scenario?

Select Streamflow (under Supply and Resources\River) from the primary
variable pull-down menu and click on “Monthly Average”. Choose the year
2002 from the “Selected Years” option on the bottom menu, and choose the
reach below Withdrawal Node 2 for comparison.
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WEAP: Tutorial : o [m[ 3]
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You may want to switch to a logarithmic axis (the button is located on the
vertical toolbar on the far right) to see more clearly the differences in flow
upstream and downstream of the Main River Reservoir.
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Now select the reach below Return Flow Node 1 for comparison.

- Why is streamflow along this reach more similar for the two scenarios?

=lolx|

WEAP: Tutorial
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The creation of a large reservoir allows storage of “excess” water during high flow
periods to cover water demand during low flow periods. The price to pay is, however, a
- potentially large impact on the hydrological regime of the river downstream of the
z reservoir. The Return Flows from Big City and Agriculture provide the flow in the Main
River during the spring and winter months. A reservoir’s operation variables and flow
requirements can be used to mitigate the reservoir’s downstream impact.

Adding Flow Requirements

1. Create a Flow Requirements

Create another new scenario: “Flow Requirement Added”. This scenario is
inherited from the “Reservoir Added” scenario. The scenario tree should look

like the one below:

© 2005 Stockholm Environment Institute November 2005



102 WEAP Tutorial

|§H Manage Scenarios ﬂ
ok add ;"_-, Copy = Deglete Rename |
=- E_urrent Accounts [2000] Flow Requirement iz bazed on:
= Reference (2001-2015] Freservair Added j
Higher Population Growth (2001
=~ Reservair Added [2001-2015) Seenario Description:

b Flaws Requirement [2001-20°

| _"I v Shaow results for this scenario

Uncheck toreduce calculation time

q’ Cloge I ? Help |.:E

Now add a “Flow Requirement” to the Schematic view below the withdrawal
node for the Big City, but upstream of the withdrawal node for Agriculture.

Demand Priority 1 (default)

General Info x|

Flow Requirement

[ amne IFI::uw Fiequirement)

Optianal Label far Schematic
[Usze ; for line break]

Drernand Priority I 1

Mate: 1 iz the highest prionty, 99 iz the lowest

? Help | ¢ Finizh x Eancell

Right click on the Flow Requirement and select Edit Data\Minimal Flow
Requirement. Add the value below (make sure you still have the “Flow
Requirement” scenario selected):

Minimal Flow Requirement 5 CMS

|F|DW Requirement
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Run the Model and Evaluate the Results

Look at the results and think about the related questions.

103

- How does adding the flow requirement change streamflow in the reach below

the flow

requirement?

Compare streamflow below the flow requirement for the “Reference”,
“Reservoir Added”, and “Flow Requirement Added” scenarios for the same
year (2002). You should obtain a graph like the one below:
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- What is the Flow Requirement coverage?

You can view these data by selecting "Instream Flow Requirement Coverage"
under Demand. (Switch off the logarithmic display for the y axis, and select
only the “Flow Requirement Added” scenario for viewing).
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- Why has the coverage now changed for the Big City?

Select “Demand Coverage” from the primary variable pull-down menu,
select the Big City demand site, and select the “Reference”, “Reservoir
Added”, and “Flow Requirement Added” scenarios for viewing.

WEAP: Tutorial i [u] 3]
frea Edit View Favorites Help
Chart W | Map |
IDemaﬂd Site Coverage (% of requirement met) F (Ipercgm ~[
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100 .
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e Leg
Gip
#
=
8 10 Q
£ S
&
1 r r r T T T T 1
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- Assuming this flow requirement was more important than supplying the Big City,
how should the model be changed to ensure that the flow requirement is fulfilled?

The relative level of Demand Priority for Big City, Agriculture and the Flow
- Requirement will determine which demand is covered first. To ensure that the Flow
z Requirement is covered first, change the Demand Priority of Big City to a value higher
than for the Flow Requirement, since it is upstream of the Flow Requirement.

Modeling Groundwater Resources

1. Create a Groundwater Resource

Create a Groundwater node next to the City and name it "Big City
Groundwater". Also, make it active in Current Accounts.

WEAP: Tutorial B o [=l 3]
area Edb Wiew Schematic General Help
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| Area: Tutorial | Schematic View | | Fegistered to: Telus Institute ]

start| | 1] & 5 ||[Fiwear [&]vicrasoft Excel | B wese Tutorial conple... | [3Rd B wb 8@ su0em

Give Big City Groundwater the following properties (make sure you are in
Current Accounts when entering these data - you will realize you are not if
there is no tab for Initial Storage):

Storage Capacity  Unlimited (default, leave empty)
Initial Storage 100M m?
Natural Recharge (use the Monthly Time Series Window, accessed in the field
under "2000")
- Nov. to Feb. OM m3/month
- Mar. to Oct. 10M m3/month
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|§HMunthly Data: Big City Groundwater

Matural Recharge [Million m™3]
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WEAP Tutorial

Connect Big City Groundwater with Big City

Use a Transmission Link to connect Big City Groundwater to the Big City
demand site, and provide it with a Supply Preference of 2.

Your model should look similar to the figure below:

WEAP: Tutorial
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| Schematic View |
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3. Update the characteristics of the Transmission Link between the Main
River and Big City

Change the characteristics of the Transmission Link connecting the Main
River (Withdrawal Node 1) and Big City (make sure you are in Current
Accounts):

Supply Preference 1 (default)
Maximum Flow Volume 6 m3/sec

=01 x|

B | 1
B P Dista ot | Cument Accourts (20000 | Maragn Sermames. L) Dt Repert
g Tty [ Linking Fudas Losses  J Corst ]
Agreihre .
mnm«“umm Percert o Demand |
M [ns & vabamal, duss 1 physical capacity, sthar constrsete. If no Helo
eamslaninl, eave blank. L
inBig Chy 2000 [t ua | | | =
i 3 w3 g S
b Agrubae
bon Wi Hods 2
Freer
%) Man Rt
.......
=
[ EE
- Mavitias Flows Vohrus [morit]
0 -
5
¥ B
g 30
Ei |TDP
- 1 13
-El u i
ey e e g sy A kY asg fp ot e 3
| v wen  wen e e wm  wem  wem  wem  wm  wm e 7

Fegatersd toc Chiis Swartz. Tebut Intite

i The Maximum Flow Volume or Percent of Demand parameter represents restrictions in
the capacity of a resource (due, for example to equipment limits).

4. Run the Model and Evaluate the Results
Look at the following results and think about the related questions.

- Is the groundwater extraction required to meet demands under these
conditions sustainable?

To view these results, select “Groundwater Storage” from the pull-down
menu under “Supply and Resources\ Groundwater”.
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WEAP: Tutorial
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WEAP Tutorial

- How does the relative use of water from Big City Groundwater and the Main
River evolve at the Big City demand site?

To view these graphical results for Big City specifically, first select "Supply
Delivered" under Demand using the primary variable pull-down menu. Then
choose "All Sources" in the pull-down menu on the right side of the window
above the graph legend. Next, select Big City as the demand site to view
using the pull-down menu centered above the graph and directly below
primary variable field. Click on “Annual Total”.
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Groundwater recharge and interaction with rainfall and surface water can be modeled
rather that entered as inputs. Refer to the “Hydrological Modeling” tutorial for more

@ details.
(4
Other resources can be modeled using the “Other Supply” object, which is characterized
by a monthly “production” curve. This object can be used to simulate a desalination
plant or inter-basin transfers, for example.
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WEAP Tutorial

Note:

For this module you will need to have completed the previous modules (“WEAP in
One Hour, Basic Tools, and Scenarios) or have a fair knowledge of WEAP (data
structure, Key Assumptions, Expression Builder, creating scenarios). To begin this
module, go to the Main Menu, select “Revert to Version” and choose the version
named “Starting Point for all modules after ‘Scenarios” module.”

Exchanging Data

1.

Export Data to Excel

Export the entire model to Excel by going to the Data view and selecting

“Edit”, “Export to Excel”.

Export all branches, and all variables of the “Current Accounts” only (don’t
export any of the scenarios for this example) to a new workbook. Keep other
options at default values.

WEAP: Tutorial

Area | Edt View General Tree Help

K5 Unida Cirl+Z
& Cut i
N = copy Gorl
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{ water Use
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Loss and Reuse) Demand Managemem) Cost J
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. oF
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Export to Excel

—Branches ariables
" Current and below  Annual Sckivity Leyel
+ al + al

Tacenarios

[ Export rowes For blank expressions
[T Export inherited expressions
[v &utofilter in Excel

o CK X Cancel |
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This instruction creates a new Excel workbook that contains all the variables that can be
( A changed in the “Data” view, using the same structure as in the Data tree. In large
models, you can choose to export only the current branch and/or variable.

2. Use Excel’s Auto Filtering Option

In the Excel Spreadsheet that was created in the previous steps, filter the
content to display only the “Consumption” variable. You will probably have
to scroll over to the right to see the column in the view.

Use the arrow to the right of the “variable” header to select the “Consumption”
variable in the drop-down list.

Ed Microsoft Excel - Sheet1 o [=[ ]

File Edit Yew Insert Format Tools Data  Window Help

Type a question for help (o2 @ X

DeEda8 SRV BB - v o &=

arial -0 - [B]r U El= e AL
3 83 % A @ | ¥ B 3 | YeReply with Changes... End Review.., |
K1 = &
F [ G [ H [ I [ '3‘

1 Use the buttons below to
B [

3 |Level 3 ~|Level 4... ~|variable [v|Scenario ~|Unit

4 (Al &|Current Accounts m'3

5 Eéigtlug;")) Current Accounts m*3

B Annual Activiey Level Current Accounts

7 Annual Water Use Rate Current Accounts %

8 BOD Concentration Current Accounts §
el BOD Decrease W

g BOD Intensity Current Accounts $im"3

1] Capital Costs Current Accounts §

11 2 Current Accounts $/m*3

2 Cost of Delivered Water Current Accounts §

e Demand Priority

13 Distarice Marker Current Accounts person

14 gg gDnce”tfat‘Dn Current Accounts m*3fpers:
Y= BLrEase 0,

15 DO Intensity Current Accounts % share
|16 DSM Cost Current Accounts %

17 D5M Savings Current Accounts % -
[ Evaporation JJ
14 4+ M\Sheet) Fized Operating Costs L I |

Draw= [3 | AutoShapes= . “w [ O 4[ i 3 o i - A - = EE .

Ready MU &
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- Auto-filtering does not change or erase the data; it only hides the rows that are not of
(4 . . .
interest. Multiple filters can be used.

3 . Modify Data

In the Excel spreadsheet that was created in the previous steps, make the
following changes in the yellow column (it may be good to hide a few of the
columns so that you can see both the variable values and the Demand Sites to
which they belong in the same view):

Big City Consumption 5% (value was 15 originally)
Agriculture Consumption 5% (value was 90 originally)

-1l
File Edit “ew Insert Format Tools Data  Window  Help Type aquestionforhelp [+ 2 & X
DewdS8 EBYV | IBR-F | o-o- &

Al -w - B ZUl|E=E LB A
@ @ ?@ P g % @ ¥#Reply with Changes.., End Review...
130 > XV &S
E | H [ I [ 1 ] B
| 1 |Tutorial Use the buttons below to filter the data.
2

| 3 |Level2 _~|wariahle _~|Scenario ~|Unit  ~|Expression (c:
| 16 |Big City Consurnption Current Accounts % 5
| 30 [Agriculture Consurnption Current Accounts % l
170
171]

172
173,

[174]

175,

175
177
178,

179)

160
151 =
4 <+ »]\Sheeti 14 Llj—‘
Draw~ [z [Autoshapes~ . W 1O E A2 28 - Z-A-==50aG .

Filter Made L v

The values entered are not meant to be representative of realistic values, just examples.

<i i > When creating a large model, a quick way to enter a lot of data is to use the Excel
Import and Export functions combined with the Excel lookup capabilities. This requires
the user to have set up the model in a consistent way (data structure, names), however.

4. Import the Data from Excel
Re-import the modified data in Excel.

In WEAP, choose “Edit”, “Import from Excel...”
Check that the Consumption data have been changed in your model.
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WEAP: Tutorial
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WEAP always reads from the Excel file that had the focus last. If you have several Excel

@

files open, you should ensure that the appropriate Excel file is selected before beginning
the importation into WEAP.

When re-importing into Excel, all rows are read, even those that are filtered out through
the auto-filtering options.

Importing Time Series

1.

Create a Streamflow Gauge Object

Add a “Streamflow Gauge” object to the model.

Insert the Streamflow Gauge downstream of the Big City, below the return flow
nodes for Agriculture and Big City.

© 2005 Stockholm Environment Institute
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Import Text File Data

WEAP Tutorial

Import streamflow data from a comma-separated text file containing
approximately 100 years of streamflow measurements up to 2003. To import
the file, use the “ReadFromFile” function in the streamflow gauge’s data tab
in the “Supply and Resources\River\ Streamflow Gauges” branch of the Data

tree.

Type in the following function, which will read the file from a directory called
“Additional Files” located in your area’s folder:
"ReadFromFile(Additional Files\ River_Flow.csv)”

WEAP: Tutorial
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The ReadFromFile function can be used for any variable that requires a time series,
monthly or yearly, such as headflow, groundwater recharge, etc.

i WEAP will automatically locate the correct year and month and only use that data. If
you change the years modeled, WEAP will automatically read the correct data.

More information about the syntax of this function and the format of the data file can be
found in the “Read from File” help topic.

3. Compare the Actual and Modeled Streamflow

Recalculate the results and compare the historical streamflow data with the
WEAP simulated streamflow. Do this by clicking on the “Chart” tab of the
Results view and selecting from the primary variable pull-down menu:
Supply and Resources\River\Streamflow Relative to Gauge (Absolute).
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WEAP will compare the observed flow at the streamflow gauge to the nearest upstream
- node. In the case for this example, that node is Return Flow 2 (the Return Flow for
z Agriculture). Comparing observed and simulated streamflow is one means for the user
to assess if the model is representing the system accurately.

Choose the “Selected Years” option from the pull-down menu above the chart
legend and select only the years 2000, 2001, 2002, and 2003 (the Current
Accounts is 2000, and the data file contains no streamgauge data beyond
2003). The Reference scenario will automatically be displayed when you
choose the “Selected Years” option. You should obtain the graph below:
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Area: Tutarial Results View

Notice that the simulated streamflow is greater than the observed streamflow
in the Current Accounts year (2000) but is less than observed in subsequent
years.

Working with Results

1.

© 2005 Stockholm Environment Institute

Create a Favorite Graph

Create a graph of streamflow that shows both the actual flow as recorded at
the streamgauge and the simulated streamflow at the appropriate node
upstream of the streamgauge (in this example, Return Flow Node 2). First,
select “Streamflow” from the primary variable pull-down menu. Then select
“Streamgauge” and “Below Return Flow Node 2” from the list that appears
when you choose “Select Nodes and Reaches” from the drop-down menu of
the Supply and Resources\River\Streamflow chart above the graph legend
(see below). Finally, select the years 2000, 2001, 2002, and 2003 to be
represented in the graph using the pull-down menu at the bottom of the
window.

Save this graph as a favorite by using the “Favorite”, “Save Chart as Favorite”
option. Name the file "Simulated and Observed Streamflow Comparison".
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WEAP: Tutorial I8 [=] e}
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From this point forward, the chart will appear in the list of favorite charts of the Results

view.

« 2 > You can also export the data to Excel or to the clipboard, change the format and the
display of figures and charts, calculate statistics, group series with the smallest values,
etc. from the toolbar located at the right of the “Results” view.

2. Create an Overview

Create an “Overview” displaying the streamflow, inflow, and outflow to area
charts.

Select the “Overview” view. Under “Manage Overviews”, select “Inflows to
Area”, “Outflows to Area” and the Favorite graph created in the previous step.
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Overviews can be created from any combination of favorites, but the charts need to be

i created in the “Results” view prior to their integration in an overview. The data
underlying overviews can also be displayed in tabular format (select the “Table” tab)

and exported to Excel.

3. Use the Dynamic Map

Dynamic Results Maps are a quick way to obtain an overview of the results in
their temporal context. In the “Results” view, select the “Map” tab and play
with the time slider at the bottom of the display to see how the displayed
parameters change.

Try this by selecting the Main River’s streamflow.
—injx
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Note that as you pull the slider across the bar, an indicator appears in the
graph above the bar to indicate the data selected (for this example, the year
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2004 annual total is selected). In the smaller schematic view at the top of the
window, the width of the river will increase and decrease with the changing
data, and numerical values appear for each of the reaches.

4. Export Results to Excel

All results can be readily exported to Excel from the “Results” view. A new
workbook is created that contains the results in table format, with the same

structure as in WEAP.

Recall the favorite graph you have created a few steps before by selecting it in the
“Favorite” menu of the Results View. Export the related data to Excel by
switching to the “Table” tab and hitting the “Export Table to Excel” button

( % ) to the right of the screen.

5 . Calculate Statistics

You can generate statistics in the Results view for any table. Just click on the
Table tab and then click on the "Stat" icon on the right vertical menu bar.
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Formatting

1.

Change the Appearance of a Background Vector Layer

WEAP Tutorial

In the Schematic View, change the color of the Big City by right-clicking the
“Cities” layer in the box below the Element Selection box (see example below),
and selecting “Edit”. Click on the Appearances tab, then click on the “Fill
Color” field. A color palette will appear.

Change the Background color to orange.
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WEAP: Tutorial ]
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You can also move various layers up or down relative to each other in the
schematic. Do this by right clicking on a layer and selecting "Move Up" or

"Move Down".
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Background vector data can be added by clicking “Add Vector Layer”. WEAP reads
vector information in the SHAPEFILE format. This format can be created by most GIS
software.

<i 73 > A large amount of georeferenced data (both in vector and raster format) is available on
the Internet, sometimes for free; websites such as www.geographynetwork.com or
www.terraserver.com provide good starting points for a search. Beware that some of
the downloadable data might need GIS processing before being usable in WEAP,
especially to adapt the projection and/or coordinate system.

2. Label a Vector Layer

You can edit the labels for the layers - right click on the “Rivers Polygons”
layer, select “Edit” and choosing the “Label” tab. You can also change the size
of the labels in this tab by going to the Size field at the bottom of the window.

ol x|
REu=3 Civers Polugong | Preview?

tap FiIeI &ppearance  Label |

Field:
f<NO LABEL> =l

Font:
| Abcd123

Size [#% of Average]:
=
10 =

\/QK I x LCancel | G

You can also hide layers in the Schematic view by clicking in the small box to
the left of the layer name (this makes the check mark disappear also).

3. Add a Raster Layer

In the Schematic view, add a background map of the Big City region by right-
clicking in the Layer window (see example below) and selecting “Add Raster
Layer”

Select the file “Map.jpg” located in the “_Maps\ Tutorial” subdirectory of the
WEAP directory (e.g., C:\ Program Files\WEAP21\_Maps\ Tutorial). Also
enter a descriptive name to appear in the Layer window.
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[ialiMap Layer - 1Ol x|
M amme; IMap_with_madd ¥ Preview?
File Mame:
|dditianal Files\Map.jpg |

W 0K X Cancel | G

Your model should now look similar to the figure below:

WEAP: Tutorial
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WEAP uses a “world file” to correctly position your raster file. Those files define the
coordinate of one of the corners of the raster and the cell size. They can be created by
many standard GIS programs such as ArcView or AutoCAD MAP.

The world file must have the same name as the raster file with a “w” added to its

extension and be in the same directory. For example, the world file for the above file is
called “map.jgw”.
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4. Move around Labels

Complete the formatting of your area by changing the node and label font
size and moving around labels.

Under the Schematic pull-down menu, the “Set WEAP Node Size” and “Set
WEAP Node Label Size” menu options can be used to change the size of
symbols and labels. For each of these actions, a window with a slider will appear
for increasing and decreasing the size of these elements.

WEAP: Tutorial =10/ %
Area  Edit View | Schematic General Help

Set Area Boundaties

G

Set WEAP Node Label Size:
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Change Priarity Yiew
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w1l rivers
1 & Map_with_roads

fow gauge

Agriculture (1)

| Area Tutorial || Schematic Visw || || Registered to: Chiis Swartz, Tellus Instiute:

Change WEAP Mode Size
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Right-Click on any object and select “Move Label” to move its label.

Ares Edit View Schematic General Help

“River = ml
> Diversion
vl & Reservoir
¥ Groundwater
’ Other Supply
| @ Demand Site
v @ Catchment
2 RunaltIrfibation
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] @ \wastewater Treatment Plant
PRetum Flow
W] R un of River Hydio
W Flow Reguirement hd

W[ Rivers_Puolygons
[ ® Rivers_Arcs

Big Cit:
V11 Ciies G:neralvlnfu
V1M rivers W gauge
VI Map_with roads 5 Edit Data

lts b

‘ Agriculture (1) Delete

| o

| Arear Tutorial || Schematic View || | Registered to: Chiis Swartz, Tellus Instite

If you don’t want a label to appear for a given object, just right-click that object, select
“General Info” and delete the optional label text.

7 You can copy your map to the clipboard for later use in reports and presentations by
selecting “Copy Schematic to Clipboard...” in the “Schematic” menu. The file size
indicated in the dialog box corresponds to an uncompressed format. It is usually safe to
go with the default level of detail.
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Note:

For this module you will need to have completed the previous modules (“WEAP in
One Hour, Basic Tools, and Scenarios) or have a fair knowledge of WEAP (data
structure, Key Assumptions, Expression Builder, creating scenarios). To begin this
module, go to the Main Menu, select “Revert to Version” and choose the version
named “Starting Point for all modules after ‘Scenarios” module.”

Modeling Reservoirs

1. Create a Reservoir

Create a Reservoir on the Lake located upstream of the Big City. Name it
“Big City Reservoir”.

Demand Priority 99 (default)

i Entering a Demand Priority of 99 ensures that the reservoir will only fill if all other
needs are fulfilled, including downstream demand.

2. Enter the Physical Data

Right click on Big City Reservoir to edit data. Enter the following data in the
“Physical” window (make sure you are in Current Accounts).

Storage Capacity 70 M m?
Initial Storage 25 M m?
Volume Elevation Curve

Volume Elevation

M ms3 m

0.0 190

30.0 210

70.0 216
Net Evaporation 25 mm/month.
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il

Area Edit Wiew General Tree Help

#- Key dssumplions Drata for IEUHEHE Accounts (2000] 'I |#£ Manage Scenarios.. (L) Data Report... |

Demand Sites

i+ Big City (Physwcal. _Operﬁmn) _Hydmpower) _WﬁlerGuﬁIily) Cost i

Lo Ariculture

- Hydralogy Eriari
non
2 E_Upply and Resources _ty)

- Linking Demands and Supply

[T
e

SloragaCapacwtylImtiaIStDrage WVolume

MNet Evaporation |

River
- Main River The relationship between reservoir volume and elevation.
o Reaches Big City Reservoir
[=- Reservairs e
l - + Add = [elete [¥ Use mouse to create or move points
[#1- Reture Floves
Results B Enwironment Volume Elevation ;I 215
w Other Assumplions [Million m™3) [m]
0.000 190.00 210
30.000 21000 z
70,000 21600 T 205
5
£
& 200
o
185
180

0 10 20 30 40 50 60 70
“olume (hillion m*3)

-

| Area: Tutorial | Data View II | Registered to: Chris Swartz, Tellus Institute J
-Ioix

Area Edit Wiew General Tree Help
Ky Assum.plians Diata for ICunent Accounts (2000] 'I | Manage Scenarios.. L) Data Repar. . |
£l Demand Sites

-~ Big City { Physicel ~ Operation ) Hydropower) Water@uality) Cost )

L Ariculture
- Hydralogy Frintity J
=1+ Supply and Resources g

- Linking Demands and Supply

Storage Eapac\tyl Initial Stnragel Yolume Elevation Curve S SR Elal)

= River

- Main River Monthly net ion rate = ion minus 7 Help
+ Reaches precipitation on reservoir surface [negati i
[=- Reservoirs indicates an increase in water).
E— -~ |EIEIEE IR Reservair 2000 [ Junit =
- Retumn Flows — =
& Big City Reservair 25 ~ i ‘

- Ervironment
- Other Aszumptions

e
)

Ll

m Table | NUlEsl
Net Evaporation [monthly]

20 v

T T T T T T T T 10
Jan Feb MWlar Apr May  Jun Jul Aug  Sep Oot Mow  Dec

H Registered to: Chris Swaitz, Tellus [nstitute J

L -
4 L I
mm
= =

Area: Tutarial H Diata View

The “Volume Elevation Curve” is used both to model the surface for evaporation and to
compute the head in case hydropower production is simulated. A cylindrical shape is
assumed in converting volume and elevation into area.

N,

Net evaporation needs to account for both rainfall and evaporation. It can therefore be a
positive or a negative number; monthly variations can be modeled using the “Monthly
Time Series Wizard”.
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3.

Enter the Operation Data

WEAP Tutorial

In the same view, enter the following data in the “Operation” window.

Top of Conservation
Top of Buffer

Top of Inactive
Buffer Coefficient

WEAP: Tutorial

Area Edit Wiew General Tree Help
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Total Storage —#=

Flood Control Zone

Top of Conservation —=

Conservation Zone

Top of Buffer —=

@

Buffer Zone

As illustrated by the figure to the left,
WEAP allows the modeling of advanced
reservoir operation through the
definition of several zones that have
different operational constraints.

More can be learned through the
Help file’s “Reservoir Zones and

Top of Inactive —=

Inactive Zone

Operation” screen or by clicking
on the help button when in the
Reservoir’s Operation tab.

N

Understanding the Impact of the Buffer Coefficient

Now create a new scenario inherited from the “Reference” scenario. Name
this scenario “Buffer Coefficient Changes”. Then go back to the Data view
(make sure that you are in the new scenario you just created) and change the
buffer coefficient to 0.1. Click on results to run the new model.
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Compare, for the “Reference” and “Buffer Coefficient Changes” scenarios, the
results for “Reservoir Storage Volume”, found under the “Supply and
Resources \Reservoirs” branch of the primary variable pull-down menu.
Select “All Years” from the pull-down menu at the bottom of the graph, and
click on “Monthly Average” at the top of the graph. Choose the “Reference”
scenario and “Buffer Coefficient Changes” scenario for viewing from the pull-
down menu above the legend. You can choose “Big City Reservoir” from the
pull-down menu directly above the graph.
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E i
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£
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Arear Tutorial Results View Reqistered to: Tellus Institute

Also compare results also for Demand Coverage (under the Demand branch).
Select the “Reference” and “Buffer Coefficient Changes” scenarios from the
pull-down menu above the graph legend. Select “Big City” as the demand
site for viewing from the remaining pull-down menu directly above the
graph.
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The Buffer Coefficient provides a way to regulate water releases when the water level in
the reservoir is within the buffer zone (see figure in the information box of the previous
step). The downstream demand is multiplied by the Buffer Coefficient to obtain actual
- water release. Thus a Buffer Coefficient of 1 means that as much water is released as is

2 needed to cover downstream demand (in other terms, the buffer zone is a mere
extension of the conservation zone). A Buffer Coefficient of 0 means no water is
released. This is why lower Demand Site Coverage is observed for results in the “Buffer
Coefficient Changes” scenario above.

Adding Hydropower Computation

1. Understanding the way WEAP models Power Production

WEAP can model Power Production in three different ways: through on-line
reservoirs, through off-line reservoirs, and through run-of-river hydropower
plants.

Refer to the help for more information on each category.
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2.

Add Power Production Capabilities to Big City Reservoir

135

In this example we will model an on-line reservoir power plant. Enter the
following data under the “Hydropower” window for Big City Reservoir in

the Current Accounts.

Min Turbine Flow
Max Turbine Flow
Tailwater Elevation
Plant Factor
Generating Efficiency
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@

Look at the “Hydropower Calculations” help topic for more information about how
WEAP computes power production.

3.

Compute Hydropower Production and Understand the Results

Run the model and look at the results in the Reference scenario for power
production for the year 2000.

The results can be accessed under the Primary Variable pull-down menu under
“Supply and Resources/Reservoir/Hydropower”.
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Do you understand why production levels between May and June are so similar,
even though flow in Main River and downstream water release is much greater
in June? To confirm this, look at the results for “Streamflow” in the reach above
Big City Reservoir (Main River Headflow).
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The streamflow that can be processed by the turbine has been capped to 80CMS (see
previous step), meaning that even though there is a higher discharge in June, the excess
quantity flows downstream without going through the turbine. Hydropower in June
would be the same for May and June if not for the fact that the Storage Elevation in Big

@

City Reservoir was slightly lower at the end of April than it was at the end of May (look
at the Storage Elevation results to confirm this - these numbers represent the status at

the end of each month indicated). This effect was slightly offset by the fact that May has
31 days to produce power, whereas June has 30 days, but June still ended up having
slightly higher total production.

Off-line, “local” reservoirs” hydropower production can be modeled in the same way.

Modeling Run-of-River Power Plants

1.

Create a Run-of-River Hydro Object

Create a Run-of-River Hydro Object on the Main River upstream of the Big
City Reservoir created in the previous exercise. Name it “Big City Run of

River”.
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Enter the following data in the “Supply and Resources\River\Run of River
Hydro” branch of the Data tree in the Data View:

5 CMS
80 CMS
100%

Min Turbine Flow
Max Turbine Flow
Plant Factor
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2. Run and Compare Results

Run your model and create a graph comparing the power production for the
run-of-river and the reservoir power plants. Do this by selecting “All
Hydropower” from the pull-down menu above the legend.

What are the reasons for the differences between both curves?
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Note that the Run of River hydropower is slightly higher in May than June, in contrast
to Big City Reservoir power production. This is due to the additional day available in

‘g i > May compared to June. Run of River hydropower production does not have Storage
Elevation as limiting effect, whereas the Reservoir was still filling in May, which
decrease the Reservoir production for that month compared to June.

How does the run-of-river plant influence the streamflow of the river,
when compared to the Big City Reservoir plant?

To view this on the chart, select “Streamflow” from the primary variable pull-
down menu and choose “Selected Main River Nodes and Reaches” from the
pull-down menu above the legend. Select the following reaches: “Headflow”,
“Big City Run of River”, “Below Big City Run of River”, “Big City Reservoir”,
and “Below Big City Reservoir” from the list.
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A reservoir can store water during high flows and release during low flow, thus having

N,

a smoothing effect. A run-of-river operation, however, processes whatever water flows

in the river at any given point in time. Therefore, it does not affect the shape of the

streamflow curve.
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142 WEAP Tutorial

Note:

For this module you will need to have completed the previous modules (“WEAP in
One Hour, Basic Tools, and Scenarios) or have a fair knowledge of WEAP (data
structure, Key Assumptions, Expression Builder, creating scenarios). To begin this
module, go to the Main Menu, select “Revert to Version” and choose the version
named “Starting Point for all modules after ‘Scenarios” module.”

Setting up Quality Modeling

1. Understanding Water Quality Modeling in WEAP

WEAP can model both conservative and non-conservative pollutants.
Conservative pollutants are modeled through a simple mass balance. Several
models are offered for non-conservative pollutants.

Read the Environment Overview help topic for a more detailed description of
WEAP capabilities.

2. Create a Set of Pollutants

Create a set of pollutants that will be modeled by going to the
“General \ Water Quality Constituents” menu. In the dialog box, make the
following change for “Temperature” (already listed) and add “TSS” (Total
Suspended Solids) and “Salt” to the list of constituents (“BOD” and “DO”
should also already be listed):

Name Calculate by Decay Rate
Temperature Change to “modeled”

TSS Decay 0.25 per day
Salt Conservative
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Water Quality Constituents ﬂ

&+ Add = [elete
Mame Scale Load Linit Concentration Lalculate Decay Rate Mote ﬂ
By [per day]
Termperature Celius Celcius Terperature [Maodeled] Entered az data for each reach
BOD F.ilogramme milligramyiter  BOD Model Biochemical osygen demand
[nla] F.ilogramme milligramiter DO Model Dizzolved Qupgen
T55 K.ilograrnirme milligram/liter  Firgt-Order Decap 0.25

Water Quality Constituents

|
-]

&+ Add = [elete

Mame Scale Load Linit Concentration galculate Decay Rate Mote
I [per day]

Termperature Celius Celcius Terperature [Maodeled] Entered az data for each reach
BOD F.ilogramme milligramyiter  BOD Model Biochemical osygen demand
[nla] F.ilogramme milligramiter DO Model Dizzolved Qupgen
T55 F.ilograrnirme milligrarm/liter  First-Order Decap 0.25
Salt K.ilogr arnirme: milligramydliter  Conzeryative (Mo Decay)

i More details are provided on the different models used for BOD and DO models in the
“Dissolved Oxygen and Biochemical Oxygen Demand” help topic.

Entering Water Quality Data

1 . Enter River Water Quality data

In the Data view tree, select “Supply and Resources\River” and click on the
Main River. Then open the “Water Quality” screen and enter the following
data, which will represent water quality at the headflow of the river:

Model Water Quality? YES (check the box)
Temperature 15°C
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BOD concentration
DO Concentration
TSS concentration
Salt concentration

WEAP: Tutorial
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Enter River Geometric Characteristics

145

River geometric characteristics are needed for the various water quality
models. They are mainly used to compute velocity/residence time of the
water along a reach. In the Data view, select the “Reaches” branch of the
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Main River and enter the following information under the “Water Quality”

tabs.

Headflow Distance Marker

Tailflow Distance Marker
Note: intermediate reach lengths will be estimated by WEAP based on the

schematic.

WEAP: Tutorial

rea Edit Wiew General Tree Help

B- Supply and Resources

(1 ta Big City
S chematic
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[=1- River
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Results
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are left blank, WEAP will estimate distance based on

h ic. Mot ired if only deling conservative
constituents.
Feach 2000 |Geale Junit |-
Eielow bain River Headflow 0 km
Eielow ‘withdrawal Mode 1 km
Below Withdrawal Mode 2 km
Below Return Flow Mods 1 km
Below Return Flow Mode 2 km
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| o
=

-
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e

rea; Tutorial Dataiew

Riegistered to: Chiiz Swaitz, Tellus Institute

Flow Stage Width for the “Below Main River Headflow” reach (use the Wizard
by clicking on the drop-down arrow)

Flow

Stage

Width

0
10
50
100
200

0.00
2.00
6.00
8.00
10.00

0.00

15.00
20.00
25.00
30.00

Your final formula should read:
FlowStageWidthCurve( 0, 0, 0, 10, 2, 15, 50, 6, 20, 100, 8, 25, 200, 10, 30 )
We will assume this section remains constant and leave other reaches empty.
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The “Reach Length” tab displayed under the “Inflows and Outflows” screen is used
i only for groundwater-surface water interaction modeling. Since this interaction can
occur along segments of the total reach length, it can differ from the total reach length.

Note that the reach length data input here is not used for water quality modeling.

3. Enter the Climatic Data

Climatic Data are needed to compute water temperature. Click on the
“Climate” button and again select the “Below Main River Headflow” reach.
Enter the following climate data:

Air Temperature
Month

Value (°C)

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Set
Oct
Nov
Dec

© 2005 Stockholm Environment Institute
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|ﬁHMunthly Data: Below Main River Headflow

An Temperature [C)

Morth | Walue | (a||[Freview
Jan 10.000
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Sep 28000 |
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MNow 16.000 0
Dec 12 =

=10l x|

v Allow dragging of values

Jan Feb Mar Apr

Jun Jul Aug

Cct Mo

J Finizh I x Cancel | "

Humidity
Wind
Latitude

65%
1 m/s
30°

149

Note: you can enter these values for the first reach and leave the other reaches
blank if you want the value to apply to all reaches.
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Using Water Quality Inflow Constraints
for a Demand Site

1. Enter Constraint Data

A demand site may require that its water supply meets certain quality criteria.
Create a new scenario inherited from the “Reference” scenario and name it
“Big City Water Quality Inflow Constraints”. In the Data view (make sure
you are in this new scenario), select the Big City branch of the data tree, and
click on the “Water Quality” button. Under the “BOD Inflow” tab, enter the
following maximum allowed concentration of BOD:

BOD inflow 2 mg/L

2 . Compare Results

Note that you earlier entered a BOD concentration (5 mg/L) for the Main
River Headflow (under Current Accounts), so you can now run the results
and compare the output for Big City Demand Site Coverage, with and
without this inflow constraint for Big City. For the period 2000 and 2001, a
comparison of Big City Demand Site Coverage for the “Reference” and “Big
City Water Quality Inflow Constraints” scenarios should look like the
following;:
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Why does Big City Coverage drop to zero during June, 2001, in the Inflow Constraint
scenario?

If you look at the BOD concentration in the “Below Main River Headflow” reach
(pictured below), you wil see that BOD rises above the constraint (2 mg/L) for Big City
intake during the month of June for both 2000 and 2001. Since the constraint is activated
during the scenario period (starting in 2001), coverage for Big City decreases during
June, 2001, because this demand site will not accept water that falls below the BOD
constraint, and no other sources of water other than the Main River have been
designated as supplies for Big City.

© 2005 Stockholm Environment Institute
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The simulated temporal pattern of the BOD concentration along this reach of the Main
River is a function of degradation, the extent of which is controlled by the residence
time of the water in the “Headflow” reach. The longer the residence time in this reach,
the more degradation that occurs. The pattern for BOD thus mirrors that of the flow
velocity, and streamflow, for the reach (both pictured below).
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Entering Pollution Generating Activity for
Demand Sites

1 . Entering Data

We will assume that we know the concentration of pollutants in the outflow
(Return Flow) for Big City. Hence, we will use the “Concentration” series of
tabs in the “Demand Sites\ Big City” branch of the Data tree. Click on the

“Water Quality” button and enter the following data (in Current Accounts):

Temperature

BOD Concentration
DO Concentration
TSS Concentration
Salt Concentration

WEAP: Tutorial
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Temperature [monthly]

For the Agriculture demand site, we will admit that we do not know the
concentration at the outflow, but we do know the pollutant generation
intensity. Enter the following data:
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BOD intensity
DO Intensity
TSS Intensity
Salt Intensity
Temperature

WEAP: Tutorial
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WEAP Tutorial

Inputting data for Pollutant Generation, using either method, will cause WEAP to

N,

demand site.

disregard any pollutant concentration specified or simulated in the inflow to the

Evaluate the Results

Run the model and look at the following results for various water quality
constituents. Select “Pollution Generation” from the primary variable pull-

down menu (under Water Quality):

Demand Site Pollution Generation
Surface Water Quality
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Note that Pollution Generation for Agriculture is constrained to the spring
and summer months when farming is active.

Modeling a Wastewater Treatment Plant

1 . Create a Wastewater Treatment Plant

Create a new scenario named “Wastewater Treatment Plant Added”- this
scenario is inherited from the “Reference”. Then, add a Wastewater
Treatment Plant for Big City, name it “Big City WWTP” and make it inactive
in Current Accounts, and create another Return flow link from the Big City to
the WWTP. Keep the existing Return Flow Link from Big City to the river.
Also create a return flow from the WWTP to the river. Your model should

look similar

to the figure below:
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WEAP Tutorial

You will have to set the “Return Flow Routing” variables for both links.

For the Return Flow from Big City to Main River (Return Flow Node 1), set the
Routing to 100% for the Current Accounts year and 0% for years 2001-2015 in
the “Wastewater Treatment Plant Added” scenario.
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For the Return Flow from Big City to the Big City WWTP, set the Return Flow
to 100% for the years 2001-2015 in the same scenario.
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Also set the Routing to 100% for the Return Flow from the Big City WWTP to
the Main River (Return Flow Node 3).
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You also have the possibility to set removal rates in the various return flows. This
would be useful if, for example, a given pollutant is decomposed by bacteria in the

/ A sewer system. These data can be entered under the “Water Quality \ Pollutant Decrease

in Return Flow” branches for the appropriate return flows (see figure below for
example).
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Enter WWTP Data

WEAP Tutorial

First, enter the “Start Year” by clicking on the “Start Year” button under the
“Water Quality \ Wastewater Treatment” branch of the data tree for Big City

WWTP.
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Also enter the following data in the “Treatment” window (with the
“Wastewater Treatment Plant Added” scenario selected):

© 2005 Stockholm Environmen

t Institute

November 2005



Water Quality

Consumption
Daily Capacity
BOD Removal
DO Concentration
TSS Removal

Salt Removal
Temperature
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If only part of the wastewater is treated through the WWTP, there are two modeling
possibilities. One is to limit the Daily Capacity to whatever amount can actually be
treated. In this case the wastewater in excess will be discharged without treatment. In
this case, the share of untreated wastewater is not constant, but depends on the total

flow.

Another solution is to create an additional return flow going from the demand site
straight to the river, by-passing the WWTP. In this case, a constant share can be set to
by-pass the WWTP by setting the return flow routing shares accordingly. A
combination of both methods is also possible.

Evaluate the Results

Run the model and look at the following results for BOD in the “Wastewater
Treatment Plant Added” scenario, comparing them with the “Reference”
scenario values (without a wastewater treatment plant).
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-Surface Water Quality (BOD downstream of Big City’s outflow into the river).

To view these results, first select “Surface Water Quality” under “Water
Quality” in the primary variable pull-down menu. Then choose “Selected
Scenarios” under the pull-down menu above the chart legend and select the
“Reference” and “Wastewater Treatment Plant Added” scenarios.

Using the pull-down menu at the bottom of the chart, select the years 2000
and 2001 for viewing. Select “Below Return Flow Node 3” (Return Flow Node
3 is the return flow for the WWTP, so you will be looking at water quality in
the river just downstream of the outflow from the WWTP) as the Main River
reach to view. Select “BOD” as the water quality constituent from the pull-
down menu directly above the chart, and unclick the “Monthly Average”
button to the far right. Your screen should look like the one below:
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" Note that BOD levels decrease substantially in 2001 compared to 2000 in the reach
‘g / A > below the return flow from the treatment plant because the plant becomes active that

year.
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-WEAP can also display water quality results from upstream to downstream.

From the bottom menu, choose “All Main River Nodes and Reaches” and
check “Represent true relative distance?” This will show all nodes and
reaches along the X-axis, with their spacing proportional to their distance
downstream (distances shown in parentheses). Select July, 2010, as the month
and year. For the chart type, select “Line”.

The charts shows that BOD levels rise as BOD-laden return flows enter the
river, and decline as the BOD decays as it moves downstream. The effect of

the wastewater treatment plant can be clearly seen. Your chart should look
like this:
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-Wastewater Treatment Plant Inflows and Outflows.

To view these results, select the “Wastewater Treatment Plant Inflows and
Outflows” (under Water Quality) from the primary variable pull-down menu.
Also select the “Wastewater Treatment Plant Added” scenario from the far
upper left menu.
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In this type of chart, the outflows are represented as negative values and inflows are

treatment plant.

- positive values. Note also that the “Lost in Treatment” category represents the flow
that is consumed - a consumption rate of 5% was input in the data view for the
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Note:

For this module you will need to have completed the previous modules (“WEAP in
One Hour, Basic Tools, and Scenarios) or have a fair knowledge of WEAP (data
structure, key assumptions, expression builder, creating scenarios). To begin this
module, go to the Main Menu, select “Revert to Version” and choose the version
named “Starting Point for all modules after ‘Scenarios” module.”

Modeling Catchments: the Rainfall Runoff
Model

1. Create a New Catchment

Create a “Catchment” object in the Schematic view to simulate headflow for
Main River. Do this by pulling over a Catchment node and locating it near the
starting point of the Main River. Name it “Main River Headflow”. Once
positioned, a dialog box will open and request the following data:

Runoff to Main River
Represents Headflow Yes (check box)
Infiltration to No inflow to GW
Includes Irrigated Areas  No (Default)
Demand Priority 1 (default)

Note that when you have finished creating the Catchment node, a dashed
blue line will automatically appear in the schematic linking the node to the
Main River.
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2. Create an Appropriate Substructure in the Basin

165

The first time you right click on the Catchment or select it in the Data Tree,
you will get a window that asks you to select a model for the Catchment:
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Select Method

Select methad far calculating runoff and imigation demands in catchments

% Rainfall Bunaoff [FADE
" Imigation Demandz only [FAD)
™ Rainfall Bunoff [soil moisture model]

2 Help " OK

Select the Rainfall Runoff (FAO) method.

There is also the opportunity to change this selection later by clicking on the
“Advanced” tab in the Data view:
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In the Data tree of the Data View, click on the “Land Use” button and enter
the following data (make sure you are in the Current Accounts:

Area 10M ha (you will have to choose the units first)
Effective Prec. 98%
Crop Coefficients (use the Monthly Time Series Wizard to input these data)
Sep to Feb 0.9
March 1.0
April 1.1
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Note that if you had clicked “yes” when asked if irrigated areas were to be
included in this catchment (under General Info when creating catchment),
another button “Irrigation” would have appeared under the catchment in the
Data view. This button would have two tabs under it: (1) “Irrigated”, where
you would input either a “0” for not irrigated, or a “1” for irrigated for a
particular land class; and (2) “Irrigated fraction” where you would specify the
fraction of irrigation water supplied to the area that is available for
evapotranspiration.

The Rainfall Runoff method is a simple method that computes runoff as the difference
between precipitation and a plant’s evapotranspiration. A portion of the precipitation
can be set to bypass the evapotranspiration process and go straight into runoff to ensure
a base flow (through the “effective precipitation” parameter).

The evapotranspiration is estimated by first entering the reference evapotranspiration,
then defining crop coefficients for each type of land use (Kc’s) that multiply the
reference evapotranspiration to reflect differences occurring from plant to plant.

<i i > More information about this method can be obtained from the FAO Irrigation and
Drainage Paper 56, called “Crop Evapotranspiration” and available from the FAO'’s

website (www.fao.org).

Entering an effective precipitation other than 100% is one way of acknowledging the
fact that part of the rainfall is not submitted to evapotranspiration during high intensity
rainfall events, hence generating a minimal runoff to the river even when the rainfall is
lower than the potential evapotranspiration. Another solution is to move to more
developed models such as the 2-buckets soil moisture model coupled with Surface
Water — Groundwater interaction modeling, as presented later in this module.
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3. Enter the Climatic Data

WEAP Tutorial

Climatic Data are entered at the catchment level. In the Data View, select the
new catchment under the “Demand Sites and Catchments” branch of the data
tree and enter the following data under the “Climate” tab using the Monthly
Time Series Wizard :

Month Precip. Month ETref
Jan 21 Jan 42
Feb 37 Feb 47
Mar 56 Mar 78
Apr 78 Apr 86
May 141 May 131
Jun 114 Jun 122
Jul 116 Jul 158
Aug 85 Aug 140
Sep 69 Sep 104
Oct 36 Oct 79
Nov 22 Nov 43
Dec 13 Dec 37

If not available from on-site stations, precipitation data can sometimes be derived from

world-wide climate models such as the one developed by Tim Mitchell at the University

of East Anglia (http://www.cru.uea.ac.uk/~timm/data/index.html). The use of GIS

software to extract the appropriate data is required. Such models provide average data
@ in opposition to actual data, implying that the calibration is much more delicate.

The Reference Evapotranspiration can be determined from a set of climatic and

topographic parameters using the Penman-Monteith equation. More details are
provided in the FAO publication mentioned earlier. Also, there exist global models of

monthly reference evapotranspiration put together by the FAO, available from the
FAO’s website.
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4. Look at the Results

Results for Catchments are located in the “Catchment” category in the
primary variable pull-down menu.

-“Runoff from Precipitation” to the Main River should look similar to the graph
below.

Select the “Reference” scenario from the pull-down menu above the graph
legend, “Main River Headflow” as the Demand site/branch from the menu to
the upper left of the graph, and the year 2000 from the “Selected Years”
option using the menu at the bottom of the graph.
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Modeling Catchments: the Soil Moisture
Model

1_ Replace the Agriculture Demand Site with a Catchment

Delete the Agriculture demand site and create a Catchment in its place. Name
it “Agriculture Catchment” and give it the following properties:

Runoff to Main River
Represents Headflow No (check box)
Infiltration to No inflow to GW
Includes Irrigated Areas  Yes (check box)
Demand Priority 1 (default)
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Note that the Demand Priority data appears in the window only after selecting
“Yes” to “Includes Irrigated Areas”.

General Info x|

Catchment

M ame I.&griculture Catchrment

Optional Label for Schematic

(Use . for line break) I.f-‘«griu:ulture Catchment

I T ki

Infiltration ta |< No inflow to Giw' > = |

¥ includes Imigated Areas®

Demand Priarity I 1

Mate: 1 is the highest priority, 99 iz the lowest

? Help | g/ Finizh I x Eancell

2. Connect the New Catchment

The new catchment should now already be connected to the Main River with
a Runoff/Infiltration Link. Add a Transmission Link from the Main River
(same starting point as the former Agriculture demand site), with a Supply
Preference of 1. Your model should now look similar to the figure below:

-i5ix]

Area Edit View Schematic General Help

FRiiver & s
Diversion

A Reservair

W Groundwater ¢
# Other Supply Y ain, River Headflow
[ @ Demand Site

@ Catchment

~Runaft/Infilration

2 Tranemission Link

@ ‘wastewater Traatment Flant
mFun of River Hydro

*# Flow Requitement =l

[ Rivers_Polygons
® FRivers Ao

[ Cities

M rivers

Agriculture Catchment (1)
et

| ] of]

| Area: Tutorial | Schematic View || || Registered to: Chris Swartz, Tellus Institute ;I

Main, River

i The purpose of this transmission link is to allow supplying irrigated areas with water
from the river in case rainfall is insufficient.
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3. Create sub-structure in the Catchment

We will assume this catchment has three types of land use. In the Data View,
add the following branches to your new catchment by right-clicking it in the
data tree and selecting “Add”. (If you select the catchment for editing by right
clicking on the node in the schematic view rather than going through the Data
view, you will be asked beforehand to choose a simulation method - pick the
“Rainfall Runoff (soil moisture model)” method). Add the following
branches:

Irrigated
Forest
Grasslands

4. Enter the Appropriate Land Use Data

If you have not done so already, select the newly created Catchment in the
Data view and pick the “Rainfall Runoff (soil moisture model)” method by
clicking on the “Advanced” button. Then enter the following data after
clicking on the “Land Use” button:

Total Land Area 300,000 ha (you will have to select units first)
Irrigated Forest Grasslands

Share of Land Area 33% 25% remainder(100)
Irrigated Forest Grasslands

Leaf Area Index 3.6 3.0 1.7

Root Zone Conductivity 60 35 45 mm/month

Initial Z1 50% 20% 20%

The remaining variables are the same for all land classes in the catchment:

Initial Z2 20%

Root Zone Water Capacity 900 mm

Deep Water Capacity 35,000 mm
Deep Conductivity 240 mm/month
Preferred Flow Direction 0.15
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Ke Use the same values as input for the Main River Headflow
catchment in the previous exercise. You can simply copy and paste
that expression into the Kc field for the Agriculture Catchment
land classes.

i
Area Edit Yiew General Tree Help
Urit Damestic W ater Use ;I Diata for: | Cunent Accounts (2000) = E Manage Scenarios... (L) Data HEDD[[..‘
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- Domestic Variation {LandUse  Climate J Iwigation } LossandReuse ) Cost )
“- Population Growth Rate )
[ Demand Sites and Catchments = 1 1
: (il Achsanced )
i Big City J)
Mal_m fiveilieadiow Leaf Area Index I Fioot Zone Conductivity I Deep Conductivity
(=1 Agriculture Catchment]
* Irigated Freferred Flow Direction | Initial 21 | Initial 22 | RKSteps | REAcceptableE mar
Farest Ko | F oot Zone Water Capacity | Deep Water Capacity
- Grasslands
[+ Hydialogy Enter the land area for branch. or branch's share of land 2 Hel
© o Water Year Method area from branch above. —pl
i 5. Hlead ;'T:‘m e Demand Sites and Catchment 2000 |5ca\e IUnil | A
2 ELIJDE;I:: D:;D;:’:;:an Supph Agriculture Catchment 300000 ha
T B togBig Ciy L2 Imigated 33 Percent share of hectares
Pl from Withdrawal Node 1 - Forest 25 Percent  share  of hectares
1| | N Grasslands R emainder| j Percent  share  of hectares
=
[E Table | Notasl
Area
50 T e W],
'g Imigated Farest Grasslans =
Area: Tutorial DataView Registered to: Chris Swartz, Tellus Institute

The Rainfall Runoff (soil moisture model) method has been developed to provide a
simple yet realistic way of modeling hydrological processes with a semi-physical
representation. Details about the method and its parameters, as well as calibration

‘g i > procedures, can be found in the appendix to this tutorial as well as in articles posted to
the “publication” section of WEAP’s website (www.weap21.org). The related WEAP
help topic provides a description of each parameter and an overview of the model as
well. The parameter values displayed above are for illustration purposes only.

5. Enter the Appropriate Climate Data

In the same view as in the previous step, select the “Climate” screen and enter

the following data:

Precipitation Use the same values as input for the Main River
Headflow catchment in the previous exercise.

Temperature MonthlyValues( Jan, 9, Feb, 12, Mar, 16, Apr, 21,
May, 24, Jun, 27, Jul, 29, Aug, 29, Sep, 27, Oct,
22, Nov, 16, Dec, 11)

Humidity 65%

Wind Im/s

Latitude 30°
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Data about snow coverage are not needed if the basin is not exposed to snow. WEAP

7 determines the appearance of snow based on the temperature and the melting and
freezing points parameters. If the last two are left empty, no snow will be allowed to
accumulate.

6. Set up Irrigated Areas

In the same view as in the previous step, select the “Irrigation” screen and
enter the following data:

Irrigated Forest Grasslands
Irrigated Area 100% 0% 0%
Lower Threshold 45%
Upper Threshold 55%
RT=TE

Area Edt Wew General Tree Help

= Key Assumptions 21| Data for: | Current Accounts (2000) 'I | Manage Scenarins.. L) Data Repart.. |
i Unit Domestic Water Use

- Unit Inigation '/ ater Meeds LandUse ) Climate J (irigation  Loss and Reuse J Cost )
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Population Growth Rate =]
riori Advanced J
(= Demand Sites and Catchments _‘y) -
i+ Big City N N
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-~ Main River Headlow =t | e |
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. X - 7 Helj
- Inigated WEAP will ieat any value other than 100% as 0. For —DI
- Forest monthly variation, use Monthly Time-Series Wizard.
- .I. EERER Agriculture Catchment] 2000 |5cale  [uni ]
- Hyerology Irigated 100 Percent
-~ Water Year Method Forest 0 P 3
- Read fram Fils iy reen
- Supply and Resources Grasslands 1] Percent
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T
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T
Jan Mar May Jul Sep Mow
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=

Area: Tutorial D ata e
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7. Look at Results

Look at the following results. Here again, the results are located in the
“Catchment” category of the “Results” view. Select “Land Class Inflows and
Outflows” under the primary variable pull-down menu. Select “All
Srcs/Dests” (short for “All Sources and Destinations”) from the pull-down
menu above the chart legend. To view the “Irrigated” segment of the
Agriculture catchment, select “Branch: Demand Sites and

Catchments\ Agriculture Catchment\Irrigated” from the pull-down menu to
the upper left of the chart. Choose the year 2000 from the “Selected Years”
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option using the pull-down menu at the bottom, and click on “Monthly
Average” at the upper far right.

“Land Class Inflows and Outflows” represents in a very detailed manner the
water balance for each land use class. You should obtain a graph similar to the
figure below for the “Irrigated” land class inflows and outflows graph:

B384 & -~ v 0 %
[ Y Fuzme

35

E &

You can also look at such parameters as “Soil Moisture in the upper
bucket”(Relative Soil Moisture 1 (%)), or “Flow to River Full Irrigation”,
which displays the water flowing to the river, including the irrigation water in
excess.
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As you can see from the series of graphs, irrigation happens largely from February to
October. Soil Moisture in the first bucket is rather constant at 45% to 50% throughout

‘g /) > the year in the irrigated land class, which is consistent with the lower threshold we set.
The largest contribution of flow from the catchment to the river is from the irrigated
land class.
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Simulating Surface Water-Groundwater

Interaction

1. Create a Groundwater Object

Create a new “Groundwater” node.

Locate this Groundwater object next to the Agriculture Catchment that you
created in the previous exercise. Name it “Agriculture Groundwater”.

S
Area Edit Wiew Schematic General Help

v —PRiver - =

Diversion

V] & Reservoir

Other Supply General Info |
[ @ Demand Site
vl @ Catchment Grouncwater

“FRunc/nfilration
~Transmission Link
[ @ wastewater Treatn
~>Retumn Flow

Name IAgnculIulE Groundwater

] mFiuin of River Hycia
1 Flow Reauitement

[ Rivers_Polygons

Optional Label for Schematic
(Use ; for line break)

|Agn:ullula Groundwater

[ Active in Current Accounts?

X Concel

City. (1)

1@ Rivers_pucs »
- = Helj
¥ 0 cies i EEP
B s
Q 4

Agriculture Catchment (1)

s of]

Schematic View

Auea: Tutorial

iastart”] [Brbox- ... | @yweae 1u.|[Fiwear H 8 43 G|

Redistered to: Chris Swartz, Tellus Institute:

G Ve iG] sasem

2_ Connect the Groundwater Object to a Catchment

Create the following connections:

Transmission Link from Agriculture Groundwater to Agriculture Catchment

(Supply Preference 1)

Infiltration/Runoff Link from Agriculture Catchment to Agriculture

Groundwater.

Your model should look similar to the one below:
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WEAP: Tutorial
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You can also create the Infiltration/Runoff Link between the catchment and the

- groundwater node by right-clicking the catchment in the Schematic View, selecting

“General Info” and then choosing the groundwater field in the “Infiltration to” drop-
down menu.

3. Enter the Appropriate Data

In the Data View, select Agriculture Groundwater, switch to the “Physical”
screen and select the “Model GW-SW flows” method from the “Method” tab.

WEAP: Tutorial
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Switch to the “Water Quality” window and then back to the “Physical”
window for the change to take effect (you will now see several new tabs in
the “Physical” window). Enter the following data (leave blank if nothing is
specified) under the appropriate tabs:

Initial storage 50M m?

Hydraulic Conductivity ~ 10m/day

Specific Yield 0.1

Horizontal Distance 5000m (the extent of the aquifer perpendicular to
the river )

Wetted Depth 5m

Storage at River Level 50Mm3

WEAP: Tutarial == x|
frea Edt View Gemersl Tres Help
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Area: Tutorial Data View Registered to: Chiis Swartz, Tellus Instiute

4. Select the Reaches that Interact with the Aquifer

In the Data View’s tree, expand all the reaches of the Main River by clicking
on the “+” icon next to it in the “Supply and Resources\River” branch. Select
the reach that is below the return flow node from Big City (Return Flow Node
1; you might have to switch to the Schematic view and right-click on the
nodes to find the name of that node in your model). Then enter the following
data in the “Reach Length” tab for this reach:
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From Groundwater

Select Agriculture Groundwater
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Look at the Results

179

Look at the “Demand Site Inflows and Outflows” for the Agriculture
catchment, and select “All Srcs/Dests” (all sources and destinations) for the
year 2000. Click on “Monthly Average”.
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Note that these results include “Inflow from Agriculture Groundwater” (due to the
3 designation of the Agriculture Groundwater node as a source to supply irrigation water
for the Agriculture Catchment) and “Outflow to Agriculture Groundwater” (due to the
creation of a runoff/infiltration link between the two nodes).

Look also at “Groundwater Inflows and Outflows” (under Supply and
Resources\ Groundwater) for the year 2000 (monthly averages).
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water to Agriculture Groundwater along the river reach you selected earlier. Likewise,

@ Note that the “Inflow from Upstream” category indicates infiltration of Main River
2

“Outflow to Downstream” represents groundwater seepage into the Main River.

Look also at the height of groundwater above the river stage. This can be
viewed by selecting “Supply and Resources\ Groundwater\ Height Above
River” from the primary variable pull-down menu. Choose “Agriculture
Groundwater” from the “Selected Aquifers” option in the pull-down menu

above the chart legend.
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Note that in the month where groundwater seepage to the Main River occurs
- (February), the groundwater elevation is higher than the wetted depth of the river as
z designated in the data (i.e., the difference in elevations is positive). Likewise, when
Main River infiltration to groundwater is occurring, the elevation difference is negative.
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184 WEAP Tutorial

Note:

For this module you will need to have completed the previous modules (“WEAP in
One Hour, Basic Tools, and Scenarios) or have a fair knowledge of WEAP (data
structure, Key Assumptions, Expression Builder, creating scenarios). To begin this
module, go to the Main Menu, select “Revert to Version” and choose the version
named “Starting Point for all modules after ‘Scenarios” module.”

Setting up the Cost and Revenue Model

1. Understanding Cost and Revenue Modeling in WEAP

WEAP models three types of costs: Capital Costs, Fixed Operation &
Maintenance (O&M) Costs, and Variable O&M Costs. It also models three
types of revenues: fixed revenues, variable revenues and electricity revenues.
Costs and Revenues can be assigned to any object (e.g., a demand site, river
reach, groundwater node, reservoir or hydropower plant).

For more information on Cost and Revenues, refer to the “Entering Item Cost
and Revenues” topic in Help.

2. Setting the Discount Rate

In the “General”, “Units” menu, select the “Monetary” tab and enter the
Discount Rate.

Discount Rate 7%
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Units for Tutorial @

Demand] Rivers ] Reservairs ] Groundwater ] Other Local Supplies ] Land Use ] Wt Treatment  BEETEERETN

tdanetary Unit |$ A
Discount Rate |7 = %

The Discount Rate is used to compute net present value and accrue monetary quantities
over time. It is different from the interest rate, which must be entered manually for each
loan payment computation.

One needs to decide upfront whether the analysis will be done in real or in nominal
dollars (with or without considering inflation) since this will have an effect on the
‘g Y / > discount rate, interest rates and cost & revenue growth.

Determination of the Discount Rate is an important matter in economic analyses.
Guidelines exist that are based on different methods such as the Weighted Average Cost
of Capital (WACC) or Capital Asset Pricing Model (CAP-M). The US government
currently recommends a discount rate of 7% for public sector projects (including
inflation).

3 . Changing the Modeling Duration

Cost modeling makes sense mainly if a long time period is being considered.
Extend the time period being simulated in WEAP by opening the “General”,
“Years and Time Steps” dialog box. Change the “Last Year of Scenarios”
variable:

Last Year of Scenarios 2025
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Years and Time Steps @

Time Harizan

Current Accounts Year, | 2000 2
LastYear of Scenarios| 026 2

Time Steps perYear

12 -

Tirme Step Boundary

& Based on calendar month
 Alltime steps are equal length
(" Settime step length manualky

‘Water Year Start

January -
7 Help

# ‘ Title: ‘Abhrev Length| Begins ‘ Ends ‘ s
1 January Jan 31 Jan i Jan 31
2 February Feb 28 Feb1 Feb 28
3 March hdar 31 Mard Iar 31
4 April Apr 30 Apr Agpr 30
5 ke ey 31 hay 1 ey 31
6 June Jun 30 Jun Jun 30
7 July Jul 31 Jult Jul 3
8 August Al 31 Aug 1 Aug 31
9 September Sep 30 Sep Sep 30

10 October Oct 31 Oct1 Oct31

11 Nowernber Mo 30 Mow 1 Mo 30

12 Decermber Dec 31 Dect Dec 31

The study period will run from Januare, 2000 to December, 2025,

WEAP Tutorial

Changing the “Last Year of Scenarios” will not affect the “Current Accounts”, the base
i year for all scenarios. It will only affect all the scenarios, including the “Reference”
scenario. For more details about WEAP and scenarios, refer to the “Scenarios” module

of the tutorial.

Modeling Cost

1. Enter Demand Site Cost Data

For the Big City demand site, enter the following data (in Current Accounts)
in the “Demand Sites” branch of the data tree in the Data view. Click on the
“Cost” button and enter under the “Capital Costs” tab:

Capital Costs

a loan of 120M$, occurring in 2000, payback
period 15 years, interest rate 5%

Use the Expression Builder to select the built-in function “LoanPayment”; pull
this function into the expression window and type in the parameters 120000000,
2000, 15, 5% within the parentheses. The expression should look like:

“LoanPayment(120000000,2000,15, 5%)”
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2 Expression Builder: Big City:Capital Costs

& BB ©

Click-and-drag a branch or function to add to the expression below...

|7 Use wizard to add time-series functions

’ li Syntax
Functi - |Maodelin i2yntax
Hneans e Current AccountsYearValue or

Current AccountsYearValue(BranchName)

Currentéccountsyear L,
Endvaar — |Description
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ExpForecast branch referred to as a parameter to the function.
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GrowihAg Examples
GrowthFram 10+Current AccountsYearValue for a CGurrent Accountsvalue of 100
e Evaluated =110
LinForacast valuated in any year =

A

— |[10+Current AccountsrValue(Households\Urban)
~ | L2 for hranch "Househald\Urhan" with a Current Accounts value of 1000

53

Big City: Capital Costs =

LoanPayment(120000000.2000,15,5%)

Scomsemn [ Do lapen
Darmand Managament ) Water Duaity ) (Tost  Prity ) Advanced )

L at COts s members

Fragpitere 11 Chus Gmvar Giockgion | msoresaet watase
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Variable Operating Costs 0.12$/m3
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Fixed Operating Costs a yearly value of 5M$, growing at a 3%
rate starting in 1995

Use the Expression Builder again, selecting the built-in function

“GrowthFrom” and entering the corresponding parameters in the parentheses.

The formula should read: “GrowthFrom(3%,1995,5000000)”

Expression Builder: Big City:Fixed Operating Costs

Click-and-drag & branch or function to add to the expression below...

[v" Usawizard to add time-series functions
’7- Syntax ~
Functi - |Modelin payntax L=
uneiens . Current AccountsYearValue or
BT o Current AccountsYearValue(BranchName)
Endvear Description
Calculates the Current Accounts value of either the current branch, or of another
ranch referred to as a parameter to the function.

SRR branch referred ter to the funct
Growth
GrowthAs Examples
GrowthFram 10+Current AccountsYearValue for a Current Accountsvalue of 100
Interp Evaluated i =110 -
LinForecast valuated in any year =

L

— [10+Current Accountsrvalue(Households'\Urban)
& | | B/ for hranch "HousehaldiUrhan" with a Current Accounts value of 1000 b

Big City:Fixed Operating Costs = j j
GrowthFrom(3%4.1995,5000000) j J
/

al ol
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2. Enter System-Wide Cost Data

We'll assume that there was a loan made in years earlier than the Current
Account (base) year which is still being paid back. We’ll assign this cost to the
entire system, rather than to a specific object. Enter the following data in the
“Supply and Resources” branch of the data tree in the Data view.

Capital Costs a loan of 300M$, occurring in 1989, payback
period 20 years, interest rate 6%

Again, use the Expression Builder and the “LoanPayment” function. The

formula should read “LoanPayment(300000000,1989,20,6%)"”

3 . Evaluate Results
Run the model and look at the following results:

Financial/Net Cost:

What is the difference between real and discounted dollar values for the Big
City?

Select “Financial\ Net Cost” from the primary variable pull-down menu and
choose Big City from the list of items in the menu to the upper left of the chart.
Select “Capital Cost” from the upper right menu. Make sure the “Reference”
scenario is selected from the menu above the chart legend. Toggle between the
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“Real” and “Discounted” options using the menu just to the left of the unit
menu (set at U.S. dollars).
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back to their present value using the discount rate. The further in the future the cost

" While real dollar are actual dollar values, discounted dollar values have been brought
@
occurs, the lower its present value.

Average Cost of Water
What makes the cost vary on a monthly basis? On an annual basis?

Select “Financial \ Average Cost of Water” from the primary variable pull-down
menu. Keep the “Reference” scenario selected and click on “Monthly Average”.
You should have a chart like the one below:
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Avarage Cost of Watar (por =3 [+ (55 Gotar =])
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Monthly variations in average cost of water occur because of the largely varying
- consumption of water (especially in the Agriculture area), while fixed costs remain
z constant. Annual variations are mainly driven by changes in the capital costs (loans are
paid back, new loans occur).

Modeling Revenue

1. Enter Demand Site Revenue

In the “Cost” screen of the Big City Demand Site (Data View), enter the
following data, which could, for example, correspond to the price water is
sold for.

Variable Revenue 0.26$/m?
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WEAP tutorial module), one can also enter revenues from electricity generation. The

" When modeling hydropower reservoirs (refer to the “Reservoir and Hydropower”
®©
related data-entry tab exists only when pertinent.

2. Compare Net Present Cost and Revenue
Display the Net Present Value of the project.

How do the Net Present Value of the Costs compare to the Net Present Value of
the Revenues?

Select “Financial \Net Present Value” from the primary variable pull-down
menu, and choose Big City as the item for viewing. You should have a chart like
the one below:
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What does that comparison tell you?

The Net Present Value of the costs can be compared to that of the revenue to obtain a
sense of the economic viability of the system. If the NPV of the costs exceeds the NPV of

‘g i > the revenues, then the system is returning a lower profit than average projects (as
defined by the discount rate). If the NPV of the revenues exceed that of the costs, then
the systems is generating a profit higher than average projects.
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